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DDP  ABSTRACT 

In  1969,  the  U.S.  Department  of  the  Interior  initiated  planning  for  a  prototype 
oil  shale  leasing  program  that  eventually  resulted  in  Gulf  Oil  Corporation  and 
Standard  Oil  Company  (Indiana)  acquiring  an  oil  shale  lease  for  Tract  C-a  in 
the  Piceance  Creek  basin  of  northwest  Colorado.  Gulf  and  Standard  submitted 
the  high  bonus  bid  for  Tract  C-a  ($210,305,600)  at  a  lease  sale  in  Denver  on 
January  8,  1974.  Rio  Blanco  Oil  Shale  Project  (RBOSP)  an  organization  directed 
and  staffed  by  representatives  of  Gulf  and  Standard,  was  formed  later  that 
year  for  the  purpose  of  developing  Tract  C-a. 

In  the  past  two  years,  RBOSP  has  conducted  extensive  geotechnical  and  environ- 
mental data  collection  programs  designed  to  establish  baseline  conditions  on 
and  around  Tract  C-a  and  to  provide  input  to  engineering  studies  leading  to 
the  selection  of  mining  and  processing  plans  for  Tract  C-a  development.  This 
4-volume  detailed  development  plan  (DDP)  describes  the  baseline  conditions  and 
RBOSP 's  proposed  construction  and  operation  of  a  commercial -scale  oil  shale 
complex  and  support  facilities  on  and  around  Tract  C-a.  Three  major  requirements 
must  be  met  before  development  operations  on  Tract  C-a  can  begin: 

•  The  Area  Oil  Shale  Supervisor,  U.S.  Geological  Survey,  must  approve 
the  development  plan. 

t    Key  Federal  and  State  actions  must  be  fulfilled  and  permits  issued. 

•  The  proposed  development  described  in  this  plan  must  be  commercially 
feasible  at  the  time  investments  are  committed. 


PROJECT  DESCRIPTION 

RBOSP 's  ultimate  goal  with  respect  to  Tract  C-a  development  is  to  engage  in 

commercial  production  of  shale  oil  and  associated  by-products  at  as  high  a 

production  rate  as  is  feasible,  consistent  with  environmental,  technical  and 
economic  constraints  that  now  prevail  or  may  exist  in  the  future. 

Development  will  consist  of  open  pit  mining,  off-tract  surface  retorting,  and 
off-tract  disposal  of  processed  shale  and  overburden,  and  will  be  undertaken 
in  two  operating  phases,  each  preceded  by  three-year  construction  periods. 
Phase  I  operation  will  consist  of  two  stages,  wherein  first  one,  then  two 
retort  modules  will  be  operated.  This  modular  approach  will  provide  RBOSP  the 
opportunity  to  gain  operating  experience,  improve  process  efficiency  and 
confirm  capital  and  operating  costs  before  a  full-scale  oil  shale  complex  is 
built.  Phase  II  will  be  the  commercial-scale  complex.  Table  1  is  a  summary 
of  information  pertinent  to  RBOSP's  proposed  development  of  Tract  C-a.  Figure 
1  depicts  the  location  of  proposed  RBOSP  facilities. 

Phase  I  -  Stage  1  operations  will  begin  during  1979  with  a  small  open  pit  mine 
and  a  single  TOSCO  II  retort  capable  of  processing  10,700  tons  of  oil  shale 
per  day  to  produce  approximately  4,500  barrels  of  pipelineable  shale  oil 
daily.  Phase  I  -  Stage  1  will  include  a  thermal  cracking  plant  for  lowering 
the  viscosity  and  pourpoint  of  raw  shale  oil  so  that  it  can  be  transported  by 
pipeline.  A  sulfur  recovery  unit  will  also  be  included. 
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Phase  I  -  Stage  2  operations  will  begin  three  years  later,  during  1982,  with 
the  addition  of  a  second  TOSCO  II  retort,  bringing  total  production  to  about 
9,000  barrels  per  stream  day  (BPSD).  Operation  of  the  thermal  cracking  and 
sulfur  recovery  plants  will  continue.  Construction  of  Phase  II  facilities  will 
begin  during  Phase  I  -  Stage  2  operations. 

Phase  II  operations  are  scheduled  to  begin  in  mid-1985  using  the  best  retorting 
technology  available  at  that  time,  probably  a  combination  of  TOSCO  II  and  gas 
combustion-type  Paraho  retorts,  with  a  total  processing  capability  of  119,000 
tons  per  stream  day  (TPSD).  Delayed  coking  and  hydrotreating  will  be  employed 
to  produce  upgraded  shale  oil  at  the  rate  of  55,800  BPSD.  Phase  II  processing 
will  also  include  hydrogen  and  oxygen  production,  high  and  low  BTU  gas  produc- 
tion, sulfur  and  ammonia  recovery,  and  coke  production. 

Open  pit  mining  will  begin  in  the  northwest  corner  of  Tract  C-a  and  expand 
southeastwardly  as  ore  production  increases  from  10,700  TPSD  in  Phase  I  -  Stage 
1  to  119,000  TPSD  in  Phase  II.  RB0SP  selected  open  pit  mining  because  it  will 
allow  maximum  resource  recovery  from  Tract  C-a.  Optimum  development  of  the 
tract  by  open  pit  mining  requires  that  the  processing  facility  and  processed 
shale  and  overburden  disposal  area  be  located  off  of  Tract  C-a  as  shown  in 
Figure  1.  Underground  room-and-pillar  mining  would  not  require  off-tract 
lands,  but  unless  a  feasible  means  of  recovering  oil  shale  from  pillars  is 
developed,  nearly  five  times  as  much  resource  can  be  recovered  from  Tract  C-a 
by  open  pit  mining.  From  an  environmental  viewpoint,  it  is  probable  that  one 
open  pit  operation  will  have  less  environmental  impact  in  many  ways  than  five 
room-and-pillar  operations  with  their  attendant  disposal  areas,  roads,  communi- 
cations lines,  power  lines,  and  pipelines. 

Selection  of  84  Mesa  as  the  location  for  processed  shale  and  overburden  disposal 
was  based  on  an  analysis  incorporating  environmental  and  operational  comparisons 
of  16  potential  disposal  sites  on  and  in  the  vicinity  of  Tract  C-a.  From  an 
environmental  standpoint,  84  Mesa  ranked  first  among  potential  off-tract  disposal 
sites  and  second  overall.  Operationally,  84  Mesa  ranked  first  among  all  sites. 
Selection  of  the  processing  facility  site  was  based  on  a  similar  analysis  and 
on  the  additional  considerations  that  it  should  be  located:  (1)  in  relatively 
close  proximity  to  both  the  mine  and  the  84  Mesa  disposal  site;  (2)  on  a  topo- 
graphic high  rather  than  in  a  valley  in  order  to  enhance  dispersion  of  stack 
emissions;  and  (3)  on  relatively  level  ground.  A  site  at  the  north  edge  of 
Tract  C-a  was  found  to  best  satisfy  these  requirements. 

Ore  will  be  transported  from  the  mine  to  the  processing  facility  by  belt  con- 
veyor during  both  Phases  I  and  II.  Processed  shale  and  overburden  will  be 
hauled  to  disposal  by  trucks  during  Phase  I  and  by  belt  conveyors  during  Phase 
II.  After  about  30  to  40  years  of  Phase  II  operations,  it  is  expected  that 
enough  working  space  will  have  been  created  by  mining  to  permit  the  backfilling 
of  overburden  and  processed  shale  in  the  northwest  portion  of  the  open  pit 
while  mining  continues  in  a  southeasterly  direction.  As  final  slopes  are 
established  on  the  84  Mesa  disposal  embankment,  it  will  be  progressively  reclaimed 
When  backfilling  the  open  pit  begins,  the  disposal  pile  will  have  been  contoured 
commensurate  with  existing  topography  and  revegetated.  Similarly,  the  backfilled 
portion  of  the  open  pit  will  be  progressively  reclaimed  as  operations  proceed. 

RBOSP's  principal  product  (pipelineable  shale  oil  in  Phase  I  and  upgraded  shale 
oil  in  Phase  II)  will  be  transported  by  pipeline  to  Rangely,  Colorado, 
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thence  through  an  existing  AMOCO  pipeline  to  other  connecting  carriers  for 
ultimate  delivery  to  refineries  in  the  West  or  Midwest;  a  possible  exception  to 
this  plan  is  during  Phase  I  when  shale  oil  may  be  trucked  to  an  existing  refinery 
near  Fruita,  Colorado.  By-products  (sulfur,  ammonia  and  coke)  will  be  trucked 
from  Tract  C-a  to  rail  facilities  near  Rifle,  Colorado. 

RBOSP  employment  during  Phase  I  will  be  about  700  for  construction,  300  for 
Stage  1  operations  and  500  for  Stage  2  operations.  Phase  II  construction 
employment  will  peak  at  about  2,200  while  the  Phase  II  operating  force  will 
total  about  1,100  permanent  employees.  Overall  RBOSP  employment  is  expected  to 
peak  at  2,700  during  the  period  from  mid-1982  to  mid-1985  when  both  Phase  I  - 
Stage  2  operations  and  Phase  II  construction  are  underway. 

RBOSP  water  requirements  will  vary  from  about  1,400  acre-feet  per  year  (AFY) 
during  Phase  I  -  Stage  1  to  some  10,000  AFY  during  Phase  II.  Current  data 
indicate  that  all  water  requirements  through  Phase  II  can  be  supplied  from 
ground  water  sources  on  Tract  C-a.  Normal  mine  dewatering  operations  should 
provide  most  of  the  required  amount,  but  some  supplementary  wells  (all  on  Tract 
C-a)  may  be  necessary. 

Project  power  demand  will  be  about  18  MW  during  Phase  I  -  Stage  1  operations 
and  will  increase  to  some  227  MW  during  Phase  II.  Moon  Lake  Electric  Associa- 
tion will  supply  electricity  to  Tract  C-a  via  a  230-KV  transmission  line  from 
an  existing  line  near  the  White  River  some  20  miles  north  of  the  tract. 
Mountain  Bell  Telephone  Company  will  provide  communications  via  a  buried 
telephone  cable  from  Rangely.  Vehicular  access  to  Tract  C-a  will  be  via  Rio 
Blanco  County  Road  24  (Ryan  Gulch  Road)  from  the  east  and  via  an  extension  of 
this  road  from  the  tract  to  Rangely  on  the  west.  The  power  tranmission  line, 
shale  oil  pipeline,  telephone  cable,  and  access  road  will  be  located,  wherever 
possible  in  a  common  corridor  between  Rangely  and  Tract  C-a. 

If  Phase  II  operations  prove  to  be  environmentally,  technically  and  economically 
successful,  RBOSP  may  elect  to  increase  production  above  55,800  BPSD.  Current 
RBOSP  estimates  indicate  that  Tract  C-a  reserves  are  adequate  to  support  a 
shale  oil  production  of  up  to  300,000  BPSD.  Such  expansion  could  be  achieved, 
for  example,  in  two-1 25,000  BPSD  increments. 

Anticipating  this  possibility,  RBOSP  is  already  taking  initial  planning  steps 
in  areas  where  long  lead  times  are  necessary,  the  most  important  of  which  is 
securing  rights  to  adequate  surface  water  supplies.  In  addition  to  more 
water,  increased  production  would  also  require  a  larger  processing  facility  -- 
the  Phase  I  and  II  processing  facilities  are  located  at  a  site  where  there  is 
enough  room  for  expansion.  The  need  for  additional  off-tract  lands  for  processed 
shale  and  overburden  disposal  is  not  anticipated  since  the  void  created  during 
the  first  30  to  40  years  of  Phase  II  mining  should  be  sufficient  to  allow 
subsequent  mining  to  stay  ahead  of  backfilling  operations,  regardless  of  produc- 
tion rates. 

Expansion  beyond  Phase  II  is  treated  only  conceptually  in  this  development  plan 
because  detailed  planning  for  such  expansion  (excepting  the  acquisition  of 
water  rights)  cannot  begin  until  Phase  II  is  underway.  Ultimately,  however, 
maximum  recovery  of  resource  from  Tract  C-a  (and  thus,  maximum  resource  conser- 
vation) can  only  be  realized  by  completely  mining  the  tract.  Furthermore, 
leaving  exposed  mining  faces  at  the  south  and  east  boundaries  of  Tract 


C-a  will  permit  future  developers  on  adjacent  leases  to  continue  open  pit 
mining  where  RBOSP  operations  end. 

BASELINE  ENVIRONMENTAL  AND  GEOTECHNICAL  CONDITIONS 

As  noted  earlier,  RBOSP  has  initiated  extensive  geotechnical  and  environmental 
baseline  data  collection  programs  on  and  around  Tract  C-a.  These  programs  are 
designed  to  obtain  data  needed  for  engineering  studies  and  development  plans  as 
well  as  fulfilling  specific  lease  requirements. 

Geotechnical  data  collection  is  subdivided  into  geologic  and  hydrologic  pro- 
grams. The  geologic  program  is  designed  to  provide  detailed  topographic,  struc- 
tural, stratigraphic,  and  resource  data.  The  hydrologic  program  will  provide 
data  for  determining  baseline  hydrologic  conditions,  aquifer  characteristics, 
and  for  predicting  the  quantity  of  water  expected  to  be  produced  during  open 
pit  mining. 

The  baseline  environmental  program  designed  by  RBOSP  complies  with  lease  stipula- 
tions and,  in  addition,  reflects  the  following  goals:  (1)  to  identify  any 
potential  data  gaps  that  might  exist  in  the  lease  stipulations  and  develop 
programs  to  correct  such  oversights;  and  (2)  to  evaluate  lease  stipulations 
and,  if  appropriate,  suggest  amendments  that  would  best  serve  the  environmental 
spirit  enunciated  in  the  lease. 

The  baseline  environmental  program  was  approved  by  the  Area  Oil  Shale  Super- 
visor following  review  and  recommendations  by  the  Oil  Shale  Environmental 
Advisory  Panel.  The  program  includes  data  collection  in  the  following  discip- 
lines: air  quality,  meteorology,  terrestrial  and  aquatic  ecology,  soil  charac- 
terization, archaeology,  and  paleontology.  Data  from  all  elements  are  combined 
to  describe  overall  ecological  interactions.  Incorporated  in  the  design  of 
these  programs  is  a  flexibility  allowing  response  to  changes  indicated  by  the 
constantly  expanding  data  base,  without  altering  original  objectives.  For 
example,  the  study  area  in  some  programs  was  expanded  from  the  original  design 
to  ensure  coverage  of  potential  disposal  and  processing  facility  sites.  In 
addition  to  characterizing  the  physical  and  biological  components  of  the  Tract 
C-a  study  area,  both  qualitatively  and  quantitatively,  the  baseline  environ- 
mental program  will  yield  data  for  designing  a  monitoring  program  to  measure 
changes  caused  by  development. 

ENVIRONMENTAL  PROTECTION 

RBOSP  has  developed  specific  environmental  protection  procedures  to  ensure 
compliance  with  lease  provisions  and  environmental  stipulations,  and  with  all 
applicable  Federal,  State  and  local  environmental  protection  and  pollution 
control  regulations.  These  procedures,  or  mitigation  plans,  are  designed 
specifically  for  RBOSP' s  intended  development  of  Tract  C-a  and  will  be  modified, 
if  necessary,  as  changing  conditions  are  noted.  The  protection  procedures 
described  in  this  development  plan  cover  the  following  topics: 
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Health  and  Safety  Fish  and  Wildlife  Management 

Air  Quality  Control  Land  Rehabilitation 

Water  Quality  Control  Oil  and  Hazardous  Materials  Control 

Solid  Waste  Control  Fire  Prevention  and  Control 

Noise  Control  Protection  of  Objects  of  Historic 

Aesthetics  and  Scientific  Interest 

Abandonment 

RBOSP  has  conducted  an  environmental  assessment  of  proposed  Tract  C-a  develop- 
ment. This  assessment  was  based  on  the  fact  that  the  protection  plans  listed 
above  will  be  implemented  and  that  they  will  be  modified  as  conditions  dictate. 
The  results  of  this  assessment  are  that  Tract  C-a  development  alone  will  have 
slight,  if  any,  impact  on  the  functioning  of  the  overall  Piceance  Creek  basin 
ecosystem. 

Various  environmental  monitoring  programs  will  be  conducted  to  provide  a 
record  of  changes  from  conditions  existing  prior  to  development  as  established 
by  the  baseline  data  collection  program,  and  to  serve  as  a  continuous  check  on 
compliance  with  lease  provisions  and  applicable  Federal,  State  and  local  envi- 
ronmental protection  and  pollution  control  regulations.  Programs  have  been 
designed  to  monitor  air  quality,  meteorology,  hydrology,  terrestrial  and  aquatic 
ecology,  and  revegetated  areas.  Analysis  of  data  collected  during  the  baseline 
program  provides  the  basis  for  selecting  those  parameters  that  will  most  effec- 
tively indicate  detrimental  effects  and,  thus,  the  necessity  for  taking  correc- 
tive action  such  as  altering  one  of  the  environmental  protection  plans. 

The  monitoring  programs  will  be  initiated  six  months  before  development  begins 
on  Tract  C-a.  Monitoring  will  continue  until  the  Area  Oil  Shale  Supervisor 
determines  to  his  satisfaction  that  environmental  conditions  consistent  with 
Federal  and  State  statutes  and  regulations  have  been  established. 

SOCIO-ECONOMIC  PLANNING 

Gulf  and  Standard  recognized  the  potential  social  and  economic  impacts  of  oil 
shale  development  when  the  Tract  C-a  lease  was  acquired  in  January  1974.  The 
two  companies  pledged  then  to  cooperate  with,  support  and  participate  in 
regional  planning  with  the  communities  affected  and  with  local,  county,  state 
and  Federal  governmental  agencies. 

A  socio-economic  plan  is  not  legally  required  by  the  Tract  C-a  lease,  but  RBOSP 
officials  and  the  Area  Oil  Shale  Supervisor  feel  that  such  a  plan  is  desirable. 
The  overall  objectives  of  RBOSP' s  socio-economic  planning  activities  are  to 
reduce  negative  impacts  and  to  avoid  the  mistakes  and  resulting  problems  en- 
countered in  other  areas  experiencing  significant  population  increases  caused 
by  new  industry.  RBOSP' s  plan  to  achieve  these  goals  is  described  in  a  socio- 
economic report  submitted  separately  from  the  detailed  development  plan. 
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STATE  AND  FEDERAL  ACTIONS  NEEDED  BEFORE  RBOSP  CAN  PROCEED 

A  variety  of  state  and  Federal  actions  are  necessary  before  RBOSP  can  implement 
development  of  Tract  C-a  as  described  in  this  document.  Specific  actions 
needed  are  as  follow: 

•  Area  Oil  Shale  Supervisor  approval  of  the  detailed  development  plan 

•  Bureau  of  Land  Management  issuance  of  right-of-way  permits  for 

-  pipeline  to  Rangely 

-  road  to  Rangely 

-  power  transmission  line 

-  telephone  cable 

•  BLM  approval  of  use  of  84  Mesa  for  disposal  area 

•  BLM  approval  of  use  of  off site  lands  for  processing  facility 
t    Towns ite  lands  are  made  available  to  Rangely  by  the  BLM 

•  State  appropriation  for  and  construction  of  access  roads 

•  State  legislation  to  enable  a  town  to  receive  and  administer  townsite 
lands 

t    An  acceptable  land  trade  with  State  Division  of  Wildlife  for  surface 
lands  on  and  around  Tract  C-a 

•  State  reclassification  of  air  quality  designation  for  area  on  and 
around  Tract  C-a 

t    Issuance  of  all  required  State  and  Federal  permits 

DDP  ORGANIZATION  AND  USE 

RBOSP's  DDP  consists  of  11  sections  comprising  four  volumes,  as  depicted  in  the 
chart  on  page  9.  Volume  1  includes  sections  entitled  "Project  Background"  and 
"Executive  Summary."  If  one  is  interested  in  an  overview  of  the  development 
plan,  Volume  1  is  recommended. 

Volume  2  is  the  largest  of  the  four  volumes.  It  describes  baseline  geological, 
hydrological  and  environmental  conditions  on  and  around  Tract  C-a.  Volume  3 
describes  engineering  plans  for  developing  Tract  C-a  and  includes  sections  on 
mining,  retort  feed  preparation,  processing,  processed  shale  and  overburden 
disposal  and  support  facilities.  Volume  4  describes  RBOSP's  environmental 
protection  plans  and  also  includes  sections  concerning  environmental  assessment 
and  monitoring.  The  Confidential  Volume,  which  is  not  publicly  available, 
contains  proprietary  information  concerning  oil  shale  properties  and  ore  reserve 
and  cost  estimates. 

Except  for  the  DDP  abstract,  a  3-number  page  numbering  system  is  used  through- 
out the  development  plan.  Any  given  page  number  is  unique  in  that  it  is  not 
repeated  elsewhere  in  the  DDP.  Page  numbers  are  keyed  to  chapters  within 
sections;  page  3-4-45,  for  example  refers  to  the  45th  page  of  Chapter  4,  (Hydrology' 
of  Section  3  (Baseline  Conditions). 
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CHAPTER  1 
INTRODUCTION 


This  Section  4  of  the  Detailed  Development  Plan  describes  the  open  pit  mining 
operation  and  related  facilities  planned  for  the  mining  of  oil  shale  during 
Phase  I  and  Phase  II  development  of  Tract  C-a.  Also  included  are  discussions 
of  other  factors  especially  pertinent  to  the  mining  plan,  such  as  basic  assump- 
tions, alternatives  examined,  and  long-term  considerations. 

The  description  of  primary  mining  facilities  and  operations  in  Section  4 
includes  the  elemental  functions  of:  drilling,  blasting,  loading  and  primary 
crushing  of  both  ore  and  waste;  and  the  transportation  of  both  ore  and  mine 
waste  from  the  mine  to,  respectively,  coarse  ore  storage  or  waste  piles. 
Secondary  and  tertiary  ore  crushing  are  discussed  in  Section  5  -  Retort  Feed 
Preparation.  Waste  disposal  operations  are  described  in  Section  7  -  Processed 
Shale  and  Overburden  Disposal. 

Support  facilities  and  functions  pertinent  to  the  mining  operation  discussed 
here  in  Section  4  include  mine  dewatering,  equipment  maintenance,  and  mine 
roads,  together  with  mine  buildings,  including  the  office,  shop,  and  warehouse. 
A  supplemental  discussion  of  these  items  may  be  found  in  Section  8  -  Support 
Facil ities. 

Environmental  factors  considered  in  mine  design  and  operation,  together  with 
mitigating  measures  to  minimize  environmental  impacts  of  mining  are  presented 
herein  and  in  more  detail  in  Section  9  -  Environmental  Protection,  Health  and 
Safety. 

Estimates  of  mining  personnel  required  may  be  found  in  Section  2  -  Executive 
Summary. 

Selection  of  an  open  pit  mining  plan  for  Tract  C-a  was  made  on  the  basis  of 
resource  recovery  and  technical -economic  feasibility  advantages.  Room-and- 
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pillar  mining  was  also  studied  extensively.  Other  mining  methods  were  regarded 
as  sufficiently  unproven  to  warrant  serious  consideration  at  present. 

Open  pit  mining  is  planned  to  commence  in  the  extreme  northwest  corner  of  the 
tract  in  the  Dry  Fork  of  Corral  Gulch  and  expand  generally  to  the  east  and 
southeast.  At  the  production  rates  scheduled  for  Phases  I  and  II,  the  pit  will 
occupy  about  750  acres  by  the  35th  year  of  operation. 

Conventional  open  pit  drilling,  blasting,  shovel  loading  and  combined  truck- 
conveyor  belt  haulage  are  planned  for  both  Phase  I  and  II  operations. 

It  should  be  noted  that  the  mining  plan  presented  herein  is  based  on  current 
knowledge,  technology,  and  engineering  studies,  and  that  these  factors  are 
continually  changing.  It  may  be  expected,  then,  that  the  mining  plan  will  be 
revised  with  time,  particularly  with  regard  to  details  of  equipment  and  methods 
used.  It  is,  therefore,  primarily  the  basic  elements  of  the  plan,  together 
with  items  governed  by  lease  terms  and  regulations  which  are  (or  will  be,  in 
the  case  of  revisions)  submitted  for  approval.  Technical  details  of  methods 
and  equipment  are  also  presented,  mainly  for  informational  purposes  and  should 
be  regarded  as  more  likely  to  be  subject  to  change. 
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CHAPTER  2 
GENERAL  MINE  DESCRIPTION  AND  DEVELOPMENT  SCHEDULE 


This  chapter  provides  a  general  description  of  the  mine,  along  with  a  schedule 
for  development  and  production.  Phase  I  mine  development  and  operation  are 
presented  in  considerable  detail;  plans  for  Phase  II  operations  are  included  in 
a  more  general  manner,  long-term  planning  beyond  Phase  II  is  conceptual  only, 
and  includes  only  certain  key  aspects  of  the  operation. 


2.1  PRODUCTION  REQUIREMENTS  AND  SCHEDULE 
A.  Phase  I 

1.  Preproduction  Development  -  Phase  I  open  pit  preproduction  mining 
(overburden  stripping)  is  scheduled  to  start  June  1,  1978  and  retorting  of 
mined  oil  shale  is  scheduled  to  commence  August  1,  1979.  During  this  fourteen 

month  preproduction  period  a  total  of  about  11  million  tons  of  overburden, (1) 

(2)        (3) 
sub-orev  '   and  wastev  '   is  scheduled  to  be  mined  and  deposited  on  the  84  Mesa 

disposal  site,  and  approximately  0.3  million  tons  of  ore  will  be  mined  and 
stockpiled  at  the  secondary  crusher  site  for  later  processing.  This  preproduc- 
tion mining  will  establish  mining  levels  and  haul  roads,  and  expose  sufficient 
quantities  of  ore  to  initiate  retorting  operations. 

2.  Annual  Plans  -  Annual  mining  plans  are  keyed  to  retort  feed  require- 
ments, and  based  on  these  requirements  which  commence  on  August  1,  1979,  with  the 


(1)  Overburden:  All  material  between  ground  surface  and  the  top  of  highest 
ore  zone. 

(2)  Sub-ore:  Low-grade  oil  shale  with  an  equivalent  oil  content  of  from  8  GPT 
to  a  selected  cutoff  grade. 

(3)  Waste:  Low-grade  oil  shale  with  an  oil  content  less  than  8  GPT  (includes 
overburden  and  interburden). 
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startup  of  the  first  retort,  mine  ore  production  is  scheduled  at  2.2  million 
tons  for  the  first  production  year  (August  to  August);  2.9  million  tons  for  the 
second  year;  and  3.6  million  tons  for  the  third  year.  Then  on  August  1,  1982, 
the  second  retort  is  scheduled  to  come  on  stream.  As  a  result  the  mine  ore 
production  forecast  was  increased  to  5.6  million  tons  for  the  fourth  production 
year;  6.5  million  tons  for  the  fifth  year  and  7.1  million  tons  for  the  sixth 
and  final  year  of  Phase  I.  The  incremental  increases  reflect  anticipated 
improvement  of  operating  efficiencies  for  the  retorts.  Also,  the  2.2  million 
ore  tons  for  year  one  includes  0.2  million  tons  that  is  absorbed  by  stockpiles 
and  is  recovered  during  the  sixth  year. 

Overburden,  sub-ore  and  waste  is  scheduled  to  be  mined  at  a  rate  that  uncovers 
ore  in  quantities  that  are  adequate  to  satisfy  the  preceding  ore  requirements. 

Table  4-2-1  summarizes  the  Phase  I  production  forecast  by  calendar  year  for 
sub-ore,  overburden,  and  ore.  (Waste  is  included  with  overburden).  Conversion 
was  made  to  calendar  year  for  convenience  and  better  understanding.  Table  4- 
2-1A  in  the  confidential  section  gives  the  oil  shale  grades  for  the  Phase  I 
period. 


Total 


Table  4-2-1 
PHASE  I  PRODUCTION  FORECAST 
(Quantities  in  millions  of  tons) 
Waste  Material  Quantity   Ore  Quantity 


14.3 


33.6 


47.9 


Calendar 

Overburden 

Combined 

Year 

Sub-Ore 
2.0 

and 

Waste 
3.5 

Total 
5.5 

Total 
0.0 

Total 

1978 

5.5 

1979 

3.1 

6.3 

9.4 

1.0 

10.4 

1980 

2.1 

6.8 

9.0 

2.4 

11.4 

1981 

3.0 

5.3 

8.3 

3.2 

11.5 

1982 

2.0 

5.0 

7.0 

4.5 

11.5 

1983 

1.1 

4.4 

5.5 

6.0 

11.5 

1984 

0.8 

1.9 

2.7 

6.8 

9.5 

1985 

0.2 

0.4 

0.5 

4.0 

5.4 

27.9 


75.8 
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B.  Phase  II 

1.  Preproduction  Development  -  Because  Phase  I  mining  operations  will  have 
left  substantial  quantities  of  ore  uncovered,  Phase  II  stripping  operations  are 
scheduled  to  start  on  June  1,  1985,  only  two  months  ahead  of  the  scheduled 
startup  of  ore  production  on  August  1,  1985.  During  the  two  months  of  preproduc- 
tion approximately  5  million  tons  of  waste  are  scheduled  to  be  stripped  and 
disposed  of  on  84  Mesa. 

Table  4-2-2  summarizes  the  Phase  II  production  forecast  by  calendar  year  for 
sub-ore,  overburden  and  ore.  This  forecast  indicates  that  the  transition  from 
Phase  I  to  Phase  II  would  be  smooth  and  uncomplicated.  For  purposes  of  the  DDP 
the  Phase  II  plans  extend  through  August  1,  2015.  Production  scheduling  allows 
for  a  smooth  transition  from  Phase  I  to  Phase  II  production  rates.  Table  4- 
2-2A  in  the  confidential  section  of  this  report  gives  oil  shale  grades  for  the 
Phase  II  period. 

2.  Future  Expansion  -  It  is  believed  that,  based  on  total  reserves,  water 
availability  and  current  technology,  a  maximum  open  pit  production  rate  adequate 
to  produce  about  300,000  barrels  per  stream  day  (BPSD)  of  shale  oil  is  feasible 
for  Tract  C-a.  This  would  require  a  mine  production  of  about  1,000,000  tons  per 
day,  total  ore  and  waste. 

An  expansion  from  Phase  II  rates  to  300,000  BPSD  might  reasonably  require  about 
ten  years,  and  would  allow  time  for  evaluation  of  environmental  and  economic 
feasibility. 


2.2  INITIAL  MINE  DEVELOPMENT  AND  CONSTRUCTION 

A.  Construction  Activities  -  Planned  construction,  installation  and  erection 
activities  required  for  the  June  1978  startup  of  Phase  I  mining  operations  are 
shown  in  Figure  4-2-1  and  include: 
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Table  4-2-2 

PHASE  II  PRODUCTION  FORECAST 

(Quantities  in  millions  of  tons) 


Waste 

Material   Qua 

ntity 

Ore  Quantity 

Calendar 

Overburden 

Combined 

Year 

Sub-Ore 
3.0 

and  Waste 
13.4 

Total 
16.4 

Total 
12.3 

Total 

1985 

28.7 

1986 

6.4 

29.9 

36.3 

33.3 

69.6 

1987 

7.5 

34.8 

42.3 

39.3 

81.6 

1988 

M 

n 

n 

i 

n 

1989 

ii 

n 

ti 

i 

n 

1990 

6.1 

33.4 

39.5 

i 

78.8 

1991 

5.1 

32.4 

37.5 

i 

76.8 

1992 

ii 

n 

ii 

1 

M 

1993 

M 

n 

ii 

i 

ii 

1994 

ii 

n 

n 

i 

" 

1995 

4.4 

25.4 

29.8 

i 

69.1 

1996 

3.9 

20.4 

24.3 

i 

63.6 

1997 

n 

11 

n 

i ' 

1998 

n 

M 

ii 

i 

1999 

M 

n 

n 

i 

2000 

ii 

M 

n 

1 

2001 

H 

M 

n 

i 

2002 

ii 

ii 

n 

i 

2003 

M 

n 

ii 
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2004 

n 

n 

H 

i 

2005 

ii 

n 

H 

i 

2006 

n 

n 

n 

i 

2007 

n 

n 

n 

1 

2008 

n 

n 

ii 

1 

2009 

n 

n 

n 

i 

2010 

n 

M 

H 

ii 

1 

2011 

ii 

H 

M 

i 

2012 

ii 

" 

H 

i 

2013 

n 

H 

ii 

i 

2014 

ii 

M 

n 

ii 

2015 

1.7 

8.6 

10.3 

22 

.3 

32.6 

Total 


138.6 


732.3 


870.9 


1168.3 


2039.2 
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Construction  and  installation  of  a  power  distribution  system. 
Erection  and  assembly  of  primary  mining  equipment. 
Construction  of  mine  ancillary  facilities. 
Construction  and  installation  of  a  pit  dewatering  system. 
Construction  of  haul  roads. 

Construction,  assembly  and  installation  of  an  ore  primary  crushing 
and  conveyor  system. 

Power  Distribution:  Construction  of  the  mine  power  distribution  system  is 
scheduled  to  start  during  the  fall  of  1977  with  the  installation  of  poles  for 
the  overhead  line.  When  completed,  this  system  will  provide  power  for  continued 
mines  plant  construction  and  future  mining  operations. 

Primary  Mining  Equipment:  Major  mining  equipment,  power  shovels,  rotary  drill 
and  haulage  trucks  are  scheduled  to  be  assembled  and  erected  at  the  mine  site, 
prior  to  the  June  1978  startup.  Equipment  parts  will  be  transported  to  the 
mine  site  by  truck  from  a  railroad  siding  near  Rifle. 

Ancillary  Facilities:  Construction  of  ancillary  facilities,  fueling  and 
lubing  station,  powder  magazine,  reporting  stations  and  miscellaneous  storage 
areas,  will  be  accomplished  concurrently  with  equipment  erection. 

Pit  Dewatering:  A  portion  of  the  pit  dewatering  system  is  scheduled  to  be 
constructed,  installed,  and  placed  in  operation  two  months  prior  to  the  planned 
June  1978  mine  startup. 

Hau1  Roads:  Co"Struction  of  haul  roads  from  the  mine  site  and  processed  shale 
bins  to  the  84  Mesa  disposal  site  is  scheduled  for  the  spring  and  summer  of 
1977. 

Primary  Crushing  and  Conveying  Syste:  Construction  of  the  primary  crushing  and 
overland  conveyor  system  is  scheduled  to  take  place  during  the  months  running 
from  the  spring  of  1977  to  June  1,  1979. 
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All  major  construction  at  the  mine  site  required  to  support  pre-ore  production 
stripping  must  be  completed  by  June  1,  1978  and  that  to  support  ore  production 
must  be  completed  by  June  1,  1979.  An  overall  view  of  mine  facilities  is  shown 
as  Figure  4-3-16. 

B.  Development  Activities;  -  Development  refers  to  the  pre-ore  production 
mining  that  is  required  to  remove  overburden  and  expose  ore  in  quantities  that 
will  satisfy  retort  requirements.  The  development  period  for  the  Phase  I  open 
pit  covers  14  months  from  June  1,  1978,  to  August  1,  1979.  During  this  develop- 
ment period,  11  million  tons  of  overburden,  waste,  and  sub-ore  is  scheduled  to 
be  mined  from  the  Phase  I  pit.  This  development  mining  will:  salvage  topsoil 
for  future  reclamation;  establish  mining  levels  and  haul  roads;  provide  ready 
access  to  ore  faces;  and  provide  control  for  surface  water  runoff. 


2.3  PHASE  I 

A.  Operating  Activities  -  The  mining  scheme  selected  for  the  Phase  I  open  pit 
operation  includes  conventional  shovel  loading  and  truck  haulage  for  over- 
burden, waste  and  sub-ore  and  shovel  loading,  truck  haulage,  pit  perimeter 
primary  crushing  and  belt  conveying  for  ore. 

The  mining  sequence  for  overburden,  waste  and  sub-ore  involves  vertical  drill- 
ing with  a  large  diameter  rotary  drill,  blasting  with  bulk  ammonium  nitrate, 
loading  with  medium  size  electric  powered  shovels,  and  hauling  to  the  disposal 
site  with  medium  size  haulage  trucks;  and  the  mining  sequence  for  ore  dupli- 
cates the  preceding  through  truck  haulage;  however,  the  trucks  will  dump  their 
loads  into  a  primary  crusher  located  a  short  distance  outside  the  pit  perimeter 
and  the  crushed  rock  will  be  belt  conveyed  to  the  processing  plant. 

The  work  schedule  for  this  Phase  I  operation  was  set  at  three  shifts  per  day, 
five  days  per  week,  250  days  per  year. 

B.  Open  Pit  Characteristics  -  Location  -  Engineering  design  placed  the  Phase  I 
open  pit  in  the  Dry  Fork  drainage  in  the  northwest  corner  of  Tract  C-a.  This 
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location  was  selected  because  the  distance  from  the  surface  to  the  top  of  the 
ore  was  minimum,  and  the  time  and  cost  required  to  reach  this  ore  horizon  was 
also  minimum. 


Configuration  -  At  the  conclusion  of  Phase  I  operations,  the  pit  will  be  coni- 
cally-shaped  pit  with  45°  pit  wall  slopes,  covering  approximately  100  surface 
acres.  Final  pit  dimensions  include  a  2400-foot  diameter  at  the  surface,  a 
1700-foot  diameter  at  the  bottom,  and  an  average  depth  of  slightly  over  300 
feet.  Elevations  of  interest  include  a  pit  bottom,  elevation  of  6700  and  high- 
low  elevations  along  the  pit  perimeter  of  7225  feet  (NW)  and  6940  feet  (east) 
respectively. 

Tonnage  Capacity  -  In  total,  the  Phase  I  operation  is  scheduled  to  produce  75.8 
million  tons  of  rock  that  includes  14.3  million  tons  of  sub-ore,  33.6  million 
tons  of  overburden  and  waste,  and  27.9  million  tons  of  ore. 


2.4  PHASE  II 

A.  Operating  Activities  -  The  Phase  II  open  pit  mining  operation  will  copy  the 
Phase  I  conventional  shovel-truck  mining  scheme;  however,  Phase  II  will  have 
more  and  larger  equipment,  and  will  have  in-pit  crushing  for  all  material. 
Also,  the  Phase  II  work  schedule  is  based  on  3  shifts  per  day,  7  days  per  week, 
350  days  per  year. 

B.  Open  Pit  Characteristics  -  Location  -  The  Phase  II  open  pit  is  planned  as 
an  extension  and  enlargement  of  the  Phase  I  open  pit  in  the  northwest  quadrant 
of  Tract  C-a.  Its  final  pit  boundaries  extend  south  across  Corral  Gulch  and 
east  to  near  the  confluence  of  Dry  Fork  and  Corral  Gulch. 

Configuration  -  At  the  conclusion  of  Phase  II  operations,  the  pit  will  be 
conical ly  shaped  with  45°  sloped  walls,  covering  approximately  750  surface 
acres.  Final  pit  dimensions  include  6300-ft.  N-S  and  6200-ft.  E-W  axes  at  the 
surface,  4800-ft.  N-S  and  E-W  axes  at  the  bottom,  and  a  depth  averaging  about 
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1400  feet.  The  final  pit  bottom  conforms  to  an  ore-waste  contact  that  dips  at 
about  4°  to  the  northeast,  from  the  5750-ft.  elevation  on  the  west  to  the  5550- 
ft.  elevation  on  the  east.  Surface  elevations  on  the  pit  perimeter  range  from 
the  7300-ft.  elevation  on  the  southwest  to  6775-ft.  elevation  on  the  east. 

Tonnage  Capacity  -  In  total,  the  Phase  II  operation,  exclusive  of  Phase  I,  is 
scheduled  to  produce  2039.2  million  tons  of  rock  that  includes  138.6  million 
tons  of  sub-ore,  732.3  million  tons  of  overburden  and  waste  and  1168.3  million 
tons  of  ore. 


2.5  LONG-TERM  CONSIDERATIONS 

A.  Maximum  Resource  Recovery  -  In  most  ore  deposits,  open  pit  mining  results 
in  the  highest  possible  resource  recovery;  and  where  both  open  pit  and  under- 
ground mining  are  practical  alternatives,  the  percentage  of  total  resource 
recoverable  by  open  pit  methods,  is,  in  most  cases,  a  compelling  reason  for 
selecting  open  pit  mining.  Extensive  studies  have  confirmed  that  this  is  also 
the  case  for  Tract  C-a. 

Based  on  work  to  date,  an  open  pit  mine  appears  feasible  for  the  entire  tract. 
Also  based  on  present  studies,  an  ultimate  pit  can  be  reasonably  assumed  to 
extend  almost  to  the  property  boundaries,  with  45°  pit  wall  slopes,  and  to  mine 
out  nearly  all  of  the  full  1100  to  1200-ft.  oil  shale  interval  of  commercial 
interest. 

Assuming  a  definition  of  mineral  resource  as  all  oil  shale  zones  10  ft.  or  more 
in  thickness  with  an  average  oil  content  of  8  GPT  or  more,  open  pit  mining 
would  allow  recovery  of  about  65%  of  the  total  Tract  C-a  mineral  resource. 
This  is  about  4.7  times  the  recovery  estimated  from  room-and-pillar  mining 
without  secondary  pillar  recovery. 

The  development  of  underground  mining  methods  designed  to  mine  the  full  oil 
shale  section,  or  to  recover  pillars  from  a  room-and-pillar  mine,  could  sub- 
stantially reduce  the  recovery  disadvantage  of  underground  mining.  At  present, 
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however,  the  technical  feasibility  of  this  development  appears  relatively  un- 
certain as  further  explained  in  Chapter  4. 

As  a  result,  an  important  precept  of  the  long-term  planning  is  the  maximization 
of  resource  recovery  by  open  pit  mining  of  the  entire  tract. 

B.  Maximum  Production  Rates  -  Maximizing  production  rates,  commensurate  with 
a  given  set  of  economic  parameters,  appears  clearly  advantageous  not  only  to 
project  economics,  but  also  to  national  interests. 

Here  again,  the  feasibility  of  achieving  timely  maximization  of  production 
rates  appears  substantially  greater  utilizing  open  pit  rather  than  underground 
mining. 

Consequentially,  a  second  long-term  planning  concept  is  the  maximizing  of  pro- 
duction rates  as  rapidly  as  practicable,  by  employing  open  pit  mining.  A  shale 
oil  production  rate  of  300,000  BPD  appears  to  be  a  reasonable  and  obtainable 
maximum,  based  on  preliminary  studies;  and  the  open  pit  mining  rates  necessary 
to  achieve  this  output  (about  1,000,000  tons  per  day  of  ore  and  waste)  seem 
likewise  feasible. 

C.  Open  Pit  Backfilling  -  Optimum  open  pit  development  of  Tract  C-a  requires 
the  initial  placement  of  waste  off-tract.  As  detailed  in  Section  7,  RB0SP 
plans  assume  permanent  placement  of  initial  overburden  and  processed  shale  on 
84  Mesa.  As  mining  progresses,  however,  it  appears  preferable,  on  balance,  for 
economic  and  environmental  reasons,  to  begin  backfilling  of  mined  out  sections 
of  the  pit  as  soon  as  practical.  It  is  Rio  Blanco's  intent,  therefore,  that 
long-term  pit  designs  and  schedules  will  accommodate  and  expedite  backfilling. 

In  spite  of  this,  it  is  problematic  just  when  and  how  backfilling  should  log- 
ically begin.  Many  parameters—physical ,  environmental,  and  economic—gov- 
erning this  have  yet  to  be  adequately  determined.  In  addition,  backfilling 
against  oil  shale  along  pit  walls  determined  by  property  lines  (as  assumed  in 
present  plans)  is  a  critical  determinant  of  backfilling  plans,  and  must  be 
thoroughly  reviewed  and  decided  upon. 
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Present  accepted  criteria  for  open  pit  and  waste  pile  design,  and  RBOSP  pro- 
duction schedules  indicate  that  backfilling  can  begin  after  about  30  years  of 
Phase  II  production  rates;  and  after  perhaps  another  10  years  at  Phase  II 
rates,  backfilling  would  balance  excavation  rates.  Backfilling  could  be 
expected  to  continue  steadily  from  that  time  onward  to  the  end  of  mining  on  the 
tract. 


2.6  ABANDONMENT  PLANS 

A.  Phase  I  -  Abandonment  of  the  open  pit  mine  is  not  anticipated  during  the 
Phase  I  operation.  However,  adverse  economic,  technical,  or  environmental 
factors  could  cause  a  shutdown  of  the  Phase  I  open  pit  mining  operation;  considera- 
tion has  therefore,  been  given  to  an  abandonment  plan  (see  also  Section  9, 
Chapter  13).  If  cessation  of  operations  becomes  a  reality,  a  more  detailed 
abandonment  and  rehabilitation  plan  will  be  submitted  for  approval  at  that 
time. 

The  small  pit  size  and  few  surface  acres  disturbed  (about  100  acres)  limit  the 
number  of  alternatives  available  for  pit  reclamation;  pit  backfilling  will  not 
have  occurred  during  these  early  years.  Initially  a  showing  of  compliance  with 
the  terms  of  the  lease  by  Rio  Blanco  would  be  submitted  to  the  AOSS,  and,  upon 
its  acceptance,  a  notice  of  relinquishment  would  be  filed  as  provided  in  Section 
28  of  the  lease.  Buildings  and  equipment  on  the  lease  would  be  sold  to  the 
government  at  appraised  value  or  removed  by  Rio  Blanco  at  government  option  as 
prescribed  in  Section  32  of  the  lease. 

Also,  in  accordance  with  the  various  regulations  and  lease  terms  governing 
abandonment,  Rio  Blanco  would  undertake  an  abandonment  plan  for  the  open  pit 
which  would  have  the  key  elements  shown  below.  This  abandonment  plan  appears 
reasonable  based  on  current  data,  although  it  is  presented  as  only  one  of 
several  possible  alternative  plans  for  abandonment: 

•    Revegetate  the  exposed  open  pit  benches. 


4-2-11 


•  Allow  the  pit  to  fill  gradually  with  water. 

t    Create  a  reasonably  acceptable  habitat  for  wildlife. 

•  Remove  mine  buildings  and  facilities  or  convey  them  to  the  government 
as  described  above. 

•  Reclaim  surface  area  disturbed  by  mining  activities  as  required  by 
Section  11  of  the  environmental  stipulations  to  the  lease. 

The  logic  behind  the  first  three  steps  above  and  their  expected  effect  on  the 
abandonment  plan  are  discussed  in  the  following  paragraphs. 

It  is  expected  that  average  pit  wall  slopes  from  the  ultimate  toe  to  the  crest 
of  the  Phase  I  pit  will  be  at  angles  of  45°  or  flatter.  It  is  anticipated, 
therefore,  that  these  pit  walls  will  be  generally  stable  based  on  rock  mechanics 
work  to  date  and  observation  of  naturally  occurring  oil  shale  outcrops.  Local 
sloughing  may  occur  in  time  at  the  crest  of  between-bench  slopes  and  along 
specific  planes  of  weakness.  This  is  not  expected  to  be  a  significant  environ- 
mental or  safety  problem,  however. 

As  discussed  in  other  sections  of  the  Detailed  Development  Plan,  Rio  Blanco 
intends  to  carry  out  revegetation  experiments  as  necessary  to  establish  tech- 
nology for  the  successful  revegetation  of  areas  affected  by  Tract  C-a  develop- 
ment. It  is  expected  that,  contingent  upon  the  results  of  experiments  carried 
out  well  in  advance  of  pit  reclamation,  Rio  Blanco  would  find  it  feasible  to 
deposit  top  dressing  on  pit  bench  levels  and  establish  viable  vegetation  aimed 
at  stabilizing  and  partially  reclaiming  the  pit  walls  to  productive  use. 

Based  on  cursory  studies  to  date,  ground  water  inflow  and  surface  water  runoff 
should  fill  the  Phase  I  pit  to  about  the  top  of  the  upper  aquifer  about  200  ft. 
above  the  pit  floor  with  relatively  good  quality  water  (postulated  to  be 
similar  to  the  average  for  the  upper  oil  shale  aquifer)  in  approximately  fifteen 
years.  It  is  expected  that  the  pit  would  fill  at  a  slower  rate  above  this 
point,  but  it  is  not  practical  to  estimate  this  rate  on  the  basis  of  available 
data.  Hydrostatic  heads  in  the  lower  aquifer  are  adequate  to  cause  the  possible 
influx  of  lower  aquifer  water  to  the  Phase  I  pit  along  fractures  and/or  fault 
planes.  However,  it  is  not  believed,  based  on  present  data,  that  such  minor 
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inflows,  if  any,  would  have  a  significant  impact  on  water  quality  in  the  aban- 
doned pit.  It  is  anticipated,  therefore,  that  the  water  quality  would  be 
conducive  to  the  introduction  of  plant  and  animal  species  which  would  be  benefi- 
cial to  the  area. 

B.  Phase  II  -  Although  the  likelihood  of  open  pit  abandonment  during  Phase  II 
is  perhaps  somewhat  greater  than  Phase  I,  abandonment  of  the  mine  is  not  antici- 
pated during  the  Phase  II  operation.  However,  as  with  Phase  I,  consideration 
has  been  given  to  an  abandonment  plan. 

As  described  for  Phase  I,  a  showing  of  compliance  with  the  lease  terms  would  be 
made  and,  upon  its  acceptance  by  the  AOSS,  notice  of  relinquishment  would  be 
filed.  The  same  appraisal  procedure  would  be  followed  although  it  may  be 
assumed  that  the  buildings,  facilities,  and  equipment  would  be  far  more  ex- 
tensive during  Phase  II.  Such  equipment  and  facilities  would  either  be  removed 
or  conveyed  to  the  government  at  option  of  the  AOSS. 

As  with  Phase  I,  all  abandonment  plans  would  be  subjected  to  AOSS  approval.  By 
the  end  of  Phase  II,  the  pit  will  have  extended  over  a  surface  area  of  about 
750  acres  and  to  a  depth  of  about  1800  feet.  Although  it  would  have  significantly 
increased  in  size  and  depth  compared  to  Phase  I,  only  limited  backfilling  could 
occur  during  the  30  years  of  Phase  II  production  due  to  the  operational  require- 
ments of  open  pit  mining.  Without  pit  backfilling  as  a  viable  alternative,  the 
following  scheme  is  presented  as  one  possible  alternative  plan  for  abandonment: 

•  Revegetate  the  exposed  open  pit  benches. 

•  Reclaim  and  revegetate  disturbed  surface  areas  as  required  under 
Section  11  of  the  Environmental  Stipulations  to  the  lease. 

As  for  the  Phase  I  abandonment  plan,  it  is  anticipated  that  the  Phase  II  pit 
walls  will  be  generally  stable  although  the  extensive  local  sloughing  may  occur 
between  benches.  It  is  also  expected  that,  contingent  upon  revegetation  experi- 
ments it  will  be  proven  feasible  to  topdress  and  revegetate  pit  bench  levels  to 
stablize  and  partially  reclaim  the  pit  walls  to  productive  use. 
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Ground  water  inflow  and  surface  runoff  into  the  Phase  II  pit  should  very  slowly 
form  a  lake  in  the  bottom  of  the  pit.  After  perhaps  thirty  years,  based  on 
cursory  examinations,  the  water  would  have  reached  about  to  the  top  of  the 
lower  aquifer.  Most  of  the  water  in  this  lake  would  have  come  from  the  lower 
oil  shale  aquifer  and  it  appears  reasonable  to  expect  that  water  quality  would 
be  closer  to  the  quality  of  that  aquifer.  Contingent  upon  the  results  of 
experimental  introduction  of  flora  and  fauna,  it  is  anticipated  that  life  forms 
presently  existent  in  the  lower  reaches  of  Yellow  Creek  could  be  introduced  to 
the  lake;  however,  this  is  highly  speculative  at  this  point. 

Rio  Blanco  would  actively  seek  a  feasible  means  of  reducing  to  acceptable 
minimums  the  inflows  of  water  from  the  upper  aquifer  into  the  pit,  along  with 
its  running  down  the  pit  walls  and  mixing  with  the  lower  aquifer  water,  It  is 
believed  that  there  is  a  reasonable  probability  that  this  could  be  achieved; 
however,  should  this  not  prove  to  be  the  case,  the  commingling  of  water  from 
the  upper  aquifer  would  take  place  in  the  lake  at  a  ratio  of  about  25%  of  upper 
aquifer  water  to  75%  of  lower  aquifer  water.  Dewatering  of  the  upper  aquifer 
would  also  continue.  Water  quality  in  the  pit  can  be  expected  to  remain  about 
as  indicated  by  the  25%-75%  mixture,  since  annual  inflows  due  to  precipitation 
are  estimated  to  substantially  offset  evaporation  losses. 

C.  Ultimate  Open  Pit  -  It  is  believed  that  a  conceptual  abandonment  plan  for 
an  ultimate  pit  (total  tract)  operation  should  assume  waste  backfilling  against 
two  or  more  pit  slopes  along  the  tract  boundary,  covering  any  resource  in  those 
areas.  Thereby,  at  the  end  of  total  tract  development,  waste  backfilling, 
(which  began  after  about  30  years)  would  have  reclaimed  all  of  the  pit  except 
an  area  large  enough  to  permit  final  mining,  crushing  and  conveying  operations. 
This  area  would  probably  be  on  the  order  of  1000  surface  acres  in  the  south- 
eastern corner  of  the  tract. 

The  backfilled  area  of  the  ultimate  pit  would  be  contoured  and  covered  with 
topdressing  to  control  erosion,  permit  easy  seeding,  and  present  an  aestheti- 
cally acceptable  shape.  The  surface  area  and  pit  remaining  after  backfilling 
would  be  allowed  to  fill  slowly  with  water  and  would  be  revegetated  similar  to 
the  ideas  presented  for  the  Phase  I  abandonment  plan.  This  should  in  time 
provide  a  reasonable  habitat  for  wildlife  in  the  area. 
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D.  Other  Long  Range  Considerations  -  In  the  event  that  open  pit  mining  is  to 
be  undertaken  on  lands  adjacent  to  Tract  C-a,  the  pit  remaining  on  the  tract 
would  likely  become  a  substantial  asset  to  the  adjacent  lessee,  by  providing  a 
location  for  backfilling  of  waste  from  that  operation.  This  factor  should  be 
weighed  in  any  abandonment  plan.  Considering  both  economic  and  environmental 
factors,  backfilling  of  waste  from  84  Mesa  into  either  a  Phase  II  or  an  ultimate 
open  pit  does  not  appear  to  be  desirable. 
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CHAPTER  3 
MINE  DESIGN  AND  OPERATION 


This  chapter  discusses  in  detail  the  factors  considered  in  the  design  and 
operation  of  an  open  pit  mine  during  a  Phase  I,  a  Phase  II  and  an  ultimate 
development.  The  design  factors  considered  include  the  geologic,  hydrologic 
and  operational  factors  important  to  an  open  pit  mine.  The  chapter  presents  in 
some  detail  the  physical  design  of  three  stages  of  tract  development  by  an  open 
pit  operation:   (Phase  I,  6-year  pit  design;  Phase  II,  30-year  pit  design;  and 
an  ultimate  pit  design).  The  chapter  includes  a  detailed  discussion  of  the 
functional  aspects  of  operating  an  open  pit  mine.  These  include  the  drilling 
and  blasting,  the  loading  and  hauling  and  the  primary  crushing  and  conveying 
systems  and  techniques  investigated.  The  chapter  also  includes  a  discussion  of 
the  ancillary  and  support  functions  necessary  to  enable  an  open  pit  to  function, 
including  mine  dewatering,  power  distribution,  maintenance  and  service  roads. 


3.1  GEOLOGIC  AND  HYDROLOGIC  DATA 

A.  Geology  -  Regional  and  Tract  C-a  geology  is  discussed  in  detail  in  Section 
3,  Chapter  3.  The  following  discussion  will  be  limited  to  the  geologic  char- 
acteristics most  pertinent  to  the  Phase  I  and  Phase  II  open  pit  mine  areas 
located  in  the  northwest  part  of  the  tract. 

Figure  4-3-1,  the  Tract  C-a  middle  A-groove  structure  map,  portrays  the  general 

outline  of  the  Phase  I  open  pit  mine  after  6  years  of  production.  Also  shown 

is  the  general  outline  of  the  Phase  II  open  pit  mine,  an  expansion  of  the 
Phase  I  pit,  after  30  years  of  production. 

1.  Phase  I  Mine  Geology  -  Figures  4-3-2  and  4-3-3  are  two  cross  sections 
through  the  Phase  I  open  pit  mine  area.  Cross  section  A-A'  on  Figure  4-3-2 
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is  oriented  east-west  through  the  center  of  the  pit.  Cross  section  B-B'  on 
Figure  4-3-3  is  oriented  north-south  through  the  center  of  the  pit.  Both 
cross  sections  show  the  overburden  and  depths  to  the  various  oil  shale  zones 
in  the  pit  area  which  correspond  to  those  established  in  the  tract  zonation 
portrayed  on  Figure  3-3-4  in  Section  3,  Chapter  3. 

The  Phase  I  open  pit  will  be  mined  to  the  6700'  elevation  as  shown  on  the 
cross  sections  of  Figures  4-3-2  and  4-3-3.  With  a  horizontal  pit  floor,  the 
pit  will  bottom  in  the  lower  part  of  the  Mahogany  zone  on  the  east  and  below 
the  Mahogany  zone  in  the  upper  part  of  the  R-6  zone  on  the  west. 

Structure  within  the  Phase  I  mine  area  is  relatively  simple  as  shown  on  Figure 
4-3-1.  Beds  generally  dip  about  4°  (400'/mi.)  basinward  to  the  east  and  east- 
northeast.  Two  minor  parallel  and  vertical  step  faults,  down  to  the  north, 
trend  southeastward  through  the  area.  Fault  displacements  measured  at  the 
surface  are  only  5  feet  and  10  feet.  These  step  faults  are  very  likely  shallow 
structural  features  which  die  out  with  depth  and  have  limited  extension  into 
the  subsurface  similar  to  other  surface  faults  mapped  within  the  tract  (see 
Section  3,  Chapter  3).  However,  for  design  purposes,  these  step  faults  have 
been  extended  vertically  through  the  planned  pit  as  shown  on  the  cross  sections 
of  Figures  4-3-2  and  4-3-3.  These  two  minor  faults  are  not  considered  detri- 
mental to  pit  slope  stability. 

Surface  joints  measured  in  the  Phase  I  mine  area  indicate  the  presence  of  a 
joint  system  consisting  of  three  joint  sets.  Their  orientations  listed  in 
order  of  frequency  are: 

Strike  Dip 

N83°  to  85°W       82°N  to  85°S 
N58°  to  60°W       85°SW  to  88°NE 
N32°E  88°SE 

The  joint  surfaces  are  generally  spaced  10'  or  more  apart  but  locally  average 
less  than  l1  apart.  Pit  slope  stability  will  not  be  directly  affected  by 
these  joints  alone  because  of  their  yery   high  dip  angles.  However,  where  they 
intersect  locally  tilted  bedding  planes  to  form  wedges,  isolated  bench  failure 
may  occur. 
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Some  randomly  oriented  joints  have  been  mapped  both  at  the  surface  and  in 
drill  holes  (determined  by  seisviewer  logs)  which  dip  at  angles  less  than  60°. 
These  are  considered  critical  to  pit  slope  stability  and  are  discussed  further 
under  Rock  Mechanics  in  Chapter  5. 

2.  Phase  II  Mine  Geology  -  The  eastward  and  southward  expansion  of  the 
Phase  I  open  pit  mine  into  the  Phase  II  open  pit  mine  will  result  in  the 
development  of  a  considerably  larger  area  as  shown  on  Figure  4-3-1.  Additional 
zones  to  be  mined  include  the  R-6  zone  down  through  the  R-l  zone  as  shown  on 
Figure  4-3-4,  an  east-west  cross  section  through  the  pit.  Pit  floor  elevations 
will  range  from  5550'  on  the  east  to  5750 '  on  the  west.  Figure  4-3-5  shows  a 
detailed  plan  view  of  the  Phase  II  pit. 

The  R-3  zone  may  cause  some  pit  slope  stability  problems.  This  zone  is  char- 
acteristically yery   vugular  due  to  the  secondary  dissolution  and  removal  of 
nahcolite  by  ground  water.  The  term  "Swiss  cheese"  appropriately  describes 
the  physical  appearance  of  much  of  this  zone's  oil  shale  based  on  tract  core 
hole  data.  Because  of  its  vugularity,  the  overall  rock  strength  of  the  zone 
is  probably  reduced  although  specific  laboratory  test  data  on  its  competency 
at  present  are  limited.  This  zone  requires  careful  evaluation  relative  to  pit 
slope  stability  before  the  Phase  II  open  pit  mine  reaches  it. 

Structure  within  the  Phase  II  mine  area  is  shown  on  Figure  4-3-1.  Beds  will 
generally  continue  their  gentle  basinward  dip  of  about  4°  to  the  east  and 
east-northeast  except  where  locally  disturbed  by  faulting. 

Major  faulting  will  be  encountered  in  the  south  and  southwest  portion  of  the 
Phase  II  open  pit  where  the  northwest-trending  northern  graben  is  located. 
This  graben  is  structurally  complex  as  discussed  in  Section  3,  Chapter  3.  The 
maximum  fault  displacement  measured  at  the  surface  is  237'  at  Corral  Gulch  on 
the  graben' s  north-bounding  fault.  Cross  faulting  within  the  graben  and 
differential  displacement  on  the  graben-bounding  faults  observed  at  the  surface 
provide  strong  evidence  that  the  graben  is  not  one  simple  downthrown  crustal 
block  but  rather  a  series  of  broken  and  tilted  downthrown  blocks.   In  addition, 
core  hole  G-S  9,  located  within  the  graben,  encountered  four  faults  in  the 
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subsurface  and  an  interval  700'  thick  from  depth  350'  to  1050'  (L-8  through 
R-4  zones)  in  which  breccia,  slickensides,  steep  dips,  highly  broken  core 
(rubble)  and  offset  bedding  are  concentrated.  Evidence  of  this  kind  reflects 
a  highly  disturbed  stratigraphic  section  due  to  both  faulting  encountered  in 
the  hole  and  faulting  in  near  proximity  to  the  hole. 

Faults  associated  with  this  graben  are  vertical  to  near  vertical  at  the  surface. 
For  design  purposes,  the  major  north  and  south  bounding  faults  and  the  cross 
faults  are  assumed  vertical  in  their  subsurface  projection  but  it  is  recognized 
that  the  bounding  faults  may  eventually  converge  with  depth  to  form  wedge- 
shaped  downthrown  blocks.  Stability  analyses  of  pit  slopes  cutting  through 
this  graben  indicate  the  planned  45°  pit  slope  should  be  stable. 

Mining  in  the  east  and  northeast  portion  of  the  Phase  II  open  pit  will  encounter 
additional  faulting  with  associated  minor  folding.  North  of  the  confluence  of 
Dry  Fork  and  Corral  Gulch,  two  east  to  northeast-trending  vertical  step  faults 
are  present,  down  to  the  south,  with  surface  displacements  of  almost  90'.  Two 
minor  northeast- trending  folds  lie  between  these  two  step  faults.  It  is  not 
clear  at  this  time  whether  these  structural  features  are  confined  essentially 
to  the  near-surface  rocks  or  extend  to  an  appreciable  depth  into  the  subsurface 
and  affect  the  oil  shale  zones.  Massive  failure  of  the  pit  slope  is  not 
expected  but  local  failures  of  working  benches  are  possible. 

The  surface  joint  sets  present  in  the  expanded  Phase  II  mine  area  are  similar 
to  those  defined  in  the  Phase  I  mine  area  and  are  also  generally  spaced  10'  or 
more  apart.  However,  along  the  eastern  edge  of  the  Phase  II  mine  area,  a 
fourth  set  is  present  which  strikes  N50°W  and  dips  48°NE.  This  fourth  set  may 
cause  some  local  pit  slope  failure  because  of  its  relatively  shallow  dip  angle 
(less  than  60°).  Fortunately,  this  set  is  less  common  than  the  other  three 
and  its  joint  surfaces  are  spaced  about  20'  apart. 

As  is  the  case  in  the  Phase  I  mine  area,  some  low  angle  randomly  oriented 
joints  are  also  present  in  the  Phase  II  mine  area.  These  are  critical  to  pit 
slope  stability  and  are  discussed  further  in  Chapter  5  under  Rock  Mechanics. 
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As  pointed  out  in  Chapter  5,  the  pit  slopes  will  be  carefully  monitored  and 
analyzed  for  stability  as  mining  progresses  in  both  Phase  I  and  Phase  II. 
Slope  design  will  be  adjusted  as  required  to  maintain  a  stable  pit  slope  and, 
at  the  same  time,  provide  for  the  maximum  extraction  of  the  oil  shale  resource. 

B.  Hydrology  -  Section  3,  Chapter  4,  discusses  the  hydrology  of  Tract  C-a 
and  reviews  the  Piceance  Creek  basin  hydrology.  The  components  of  the  ground- 
water system  that  affect  the  mining  of  oil  shale  on  Tract  C-a  are  two  aquifers 
in  the  Parachute  Creek  Member  of  the  Green  River  Formation.  These  aquifers, 
the  upper  and  lower,  are  separated  by  an  aquitard  that  restricts  the  flow  of 
ground-water  between  them.  This  aquitard  is  the  zone  between  the  R-4  and  R-6 
zones  and  is  approximately  500  feet  thick.  Flow  in  each  aquifer  is  primarily 
through  fractures,  joints,  vugs  and  possibly  faults.  As  a  result  of  the 
above,  the  aquifers  have  relatively  good  permeability.  It  should  be  noted 
that  ground  water  in  both  aquifers  is  generally  artesian,  i.e.,  hydrostatic 
pressures  in  the  aquifers  are  greater  than  the  atmospheric  pressure. 

1.  Phase  I  Mine  Hydrology  -  The  Phase  I  open  pit  mine  would  intersect 
the  upper  aquifer  approximately  as  shown  on  Figures  4-3-2  and  4-3-3.  The 
baseline  data  indicates  the  upper  aquifer  which  would  have  to  be  dewatered  in 
the  vicinity  of  the  Phase  I  mine,  contains  water  having  a  dissolved  solids 
content  of  approximately  1,000  mg/1 .  Two  chemical  constituents  of  environmental 
concern  are  boron  and  fluoride.  They  have  been  found  to  have  average  concen- 
trations of  0.7  mg/1  and  3  mg/1,  respectively,  in  the  upper  aquifer. 

2.  Phase  II  Mine  Hydrology  -  The  30-year  Phase  II  mine  shown  on  Figure 
4-3-4  would  intersect  both  the  upper  and  lower  aquifers  as  shown  on  the  cross 
section  (Figure  4-3-5).  The  water  quality  of  the  upper  aquifer  would  be 
approximately  the  same  as  that  for  the  Phase  I  mine.  The  lower  aquifer  would 
also  have  to  be  dewatered  for  the  Phase  II  mine.  The  baseline  data  indicate 
the  lower  aquifer  water  quality  averages  approximately  1,200  mg/1  dissolved 
solids.  The  boron  and  fluoride  concentrations  are  found  to  be  higher  in  this 
aquifer  than  in  the  upper  aquifer.  The  average  values  are  1.5  mg/1  and  15 
mg/1,  respectively. 
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3.2  OPEN  PIT  DESIGN 

Mine  planning  requires  the  correlation  of  all  phases  of  a  mining  operation. 
The  factors  that  were  evaluated  and  included  in  the  design  of  the  mining 
operation  are:  geology,  tonnage  and  areal  extent  of  ore  reserves,  topography, 
mining  equipment,  operating  costs,  capital  costs,  State  and  Federal  regula- 
tions, cutoff  grade,  stripping  ratio,  production  requirements,  pit  slopes, 
bench  height,  road  grade,  hydrology,  property  lines  and  processing  require- 
ments. 

The  mine  plans  presented  below  represent  the  current  estimate  of  an  optimum 
development  of  the  deposit  by  open  pit  methods.  As  with  all  mines,  it  may 
become  necessary  to  alter  plans  to  accommodate  changed  conditions  or  when  more 
actual  mining  experience  has  been  acquired. 

Present  plans  and  concepts  for  development  of  Tract  C-a  may  be  illustrated  in 
three  design  phases:  the  Phase  I,  6-year  pit  design;  the  Phase  II,  30-year 
pit  design;  and  the  ultimate  pit  design.  These  phases  are  described  as  follows 

A.  Phase  I  6-Year  Pit  Design  (Figures  4-3-1  through  3,  6  through  9) 

1.  Preproduction  Pit  -  To  minimize  the  preproduction  stripping  required 
for  initial  production  and  the  time  period  required  for  this  stripping,  the 
preproduction  pit  is  located  on  the  western  side  of  the  6-year  production  pit 
and  is  500  feet  from  the  tract's  western  boundary  in  Dry  Fork.  The  high 
bluffs  along  the  north  limit  its  advance  in  that  direction  (see  Figures 
4-3-6  and  4-3-7).  The  preproduction  pit  is  oriented  for  the  initial  develop- 
ment on  the  south  side  of  Dry  Fork.  This  orientation  is  based  on  five  factors: 

•  Maximum  utilization  of  the  terrain  features  of  Dry  Fork. 

•  Permits  the  concentration  of  stripping  activities  in  one  area, 
thereby  minimizing  the  loss  of  production  time  due  to  equipment 
moves. 

t  Early  development  of  the  final  haul  road.  Because  of  the  orienta- 
tion of  the  6-year  pit,  the  final  haul  road  enters  the  pit  from  the 
east  in  Dry  Fork  and  proceeds  along  the  south  wall. 
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•  Establishment  of  final  slope  on  the  west  and  south  as  development 
progresses. 

•  Minimizes  development  work  required  to  locate  the  temporary  haul 
road  along  Dry  Fork. 

•  Proximity  to  the  plant  site  selected. 

Based  on  equipment  specifications,  production  requirements,  efficient  and 
safe-operating  area  requirements,  a  minimum  operating  bottom  of  about  500  feet 
in  diameter  is  required.  This  operating  bottom  exposes  sufficient  oil  shale 
reserves  to  meet  initial  production  requirements  and  still  minimizes  the 
preproduction  stripping  requirements.   This  design  requires  the  removal  of 
11-million  tons  of  overburden,  waste  shale,  and  sub-ore  grade  oil  shale 
before  initial  production  can  begin.  In  order  to  have  a  full  ore  face  exposed 
and  ready  for  development,  0.3-million  tons  of  ore-grade  oil  shale  must  be 
removed  and  stockpiled  for  later  processing. 

2.  6-Year  Pit  -  The  production  pit  is  located  in  the  northwest  corner  of 
the  tract.  The  overburden  in  this  area  is  minimal,  and  the  surface  topography 
allows  efficient  development  of  the  operation.  Table  4-2-1A  in  the  confi- 
dential portion  of  this  chapter  gives  a  production  forecast  for  this  pit. 

The  criteria  used  in  designing  the  pit  are  as  follows: 

Oil  shale  production  requirements  based  on  retort  production  schedule, 

Minimal  initial  capital  investment. 

State  and  Federal  regulations  governing  mining  operations  in  Colorado, 

Final  slopes  of  approximately  45°. 

Varied  working  slopes  dependent  on  the  amount  of  advanced  stripping. 

Operating  bench  height  of  50  feet. 

Operating  cut  width  of  230  feet. 

Operating  safety  bench  width  of  50  feet  for  eyery   50-foot  high 

bench. 

Final  bench  height  of  100  feet. 

Final  safety  bench  width  of  50  feet  for  every  100-foot  high  bench. 

Minimum  operating  bottom  of  500  feet. 

A  500-foot  unmined  zone  between  pit  crest  and  tract  boundary. 
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Figures  4-3-8  and  4-3-9  show  the  final  Phase  I  mine  in  plan  view  and  vertical 
section.  A  summary  of  ore  reserves  in  a  Phase  I  6-year  pit  as  compared  to  the 
total  mineral  inventory  is  shown  as  Table  4-3-1  in  the  confidential  part  of 
this  report. 

Figure  4-3-6  shows  that  in  years  1978  and  1979,  the  preproduction  pit  is 
expanded  northward  to  uncover  the  oil  shale  to  be  mined  in  1979.  Advance 
stripping  is  concentrated  along  the  south  wall  for  early  establishment  of  the 
permanent  haul  road.   The  temporary  haul  road  used  during  the  preproduction 
stage  is  still  the  main  haul  road  for  years  1979  and  1980.  The  existing 
temporary  haul  road  is  used  as  the  main  haul  road  during  this  period.  The 
230-foot  cuts  are  begun  for  the  coordinated  development  of  the  mine. 

During  years  1981,  1982,  and  1983,  the  development  of  the  mine  by  230-foot 
cuts  occurs.  Material  above  the  6,950-foot  elevation  is  hauled  out  the  temporary 
haul  road.  The  remaining  material  is  hauled  out  the  main  haul  road.  Years 
1984  and  1985  reflect  the  final  development  of  the  mine  by  230-foot  cuts.  The 
230-foot  cut  provides  a  systematic  approach  that  is  essential  in  the  coordi- 
nated and  efficient  development  of  the  mining  operation. 

An  overall  final  pit  slope  of  45°  has  been  selected  and  analyzed  for  stability 
against  massive  slope  failure.  A  bench  face  angle  of  70°  was  selected,  based 
on  experience  in  roughly  similar  rocks  and  equipment  manufacturer's  speci- 
fications. Final  slopes  for  the  Phase  I  6-year  pit  are  approximately  45°  and 
are  safe  against  massive  failure.  Analyses  indicate  that  slopes  in  selected 
areas  of  the  Phase  II  30-year  pit  might  be  steepened  to  maximize  resource 
recovery.  This  decision  can  be  made  only  after  more  rock  mechanics  informa- 
tion has  been  gathered  and  the  actual  reaction  of  the  slopes  during  mining  has 
been  determined. 

An  unmined  zone,  with  a  minimum  width  of  500  feet  for  Phase  I,  has  been  left 
between  the  pit  crest  and  tract  boundary.  If  a  massive  slope  failure  should 
occur,  this  zone  should  have  sufficient  width  to  prevent  failure  beyond  the 
tract  boundaries.  The  500-foot  unmined  zone  allows  sufficient  clearance  to 
enable  a  final  cut  to  be  made  to  steepen  the  final  slopes,  if  field  study 
results  obtained  during  actual  mining  so  indicate. 
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Intermediate  or  working  slope  angles  can  be  determined  only  by  preparing  a 
detailed  production  schedule  and  mine  layout  by  year.  The  slope  angle  is  a 
function  of  the  advanced  stripping  and  the  equipment  requirements. 

B.  Phase  II  30-Year  Pit  Design  -  (Figure  4-3-1,  4  and  5)  The  30-year  pit 
design  provides  a  summary  of  reserves,  including  tons  and  grade  of  ore,  waste, 
and  sub-ore.  These  tonnages  are  shown  in  Table  4-2-2  and  ore  grades  are 
included  in  the  confidential  portion  of  this  report  in  Table  4-2-2A. 

The  30-year  pit,  shown  in  plan  view  on  Figure  4-3-4  and  in  vertical  section  in 
Figure  4-3-5,  is  located  in  the  northwest  portion  of  the  tract.  This  pit  has 
a  surface  area  of  about  750  acres,  with  a  north-south  length  of  6,300  feet  and 
an  east-west  length  of  6,200  feet.  The  pit  depth  varies  from  1,450  feet  on 
the  west  side  to  1,500  feet  on  the  east  side.  Overburden  to  the  top  of  the  R- 
8  zone  ranges  in  this  area  from  about  50'  to  620'.  The  500-foot  zone  left 
between  the  pit  rim  and  the  tract  boundary  is  considered  the  narrowest  buffer 
that  will  assure  no  surface  disturbance  beyond  the  tract  boundary. 

The  Phase  I  6-year  pit,  is  located  in  the  northwest  corner  of  the  30-year  pit. 
The  Phase  II  location  was  selected  to  permit  a  coordinated  expansion  from  the 
Phase  I  mining  operation,  without  requiring  a  second  preproduction  stage.  The 
planned  Phase  II  mining  sequence  progresses  toward  the  east  and  south  along 
the  north  pit  limit. 

1.  Criteria  -  The  following  criteria  were  used  in  the  design  of  the  30- 
year  pit: 

Final  slopes  at  45°. 

500-foot  unmined  zone  between  pit  crest  and  tract  boundary. 

Bench  heights  of  50  feet. 

An  economic  oil  shale  cutoff  grade. 

Geologic  structures  not  a  factor  in  slope  design. 

Waste  disposal  and  plant  sites  located  off  tract. 
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A  summary  of  the  reserves  in  a  30-year  pit  is  given  as  Table  4-3-2  in  the 
confidential  portion  of  this  report. 

2.  Design  Approach  -  A  Phase  II,  30-year  pit  was  designed  by  hand  methods 
from  horizontal  and  vertical  sections  generated  by  the  computer.  The  pit 
limits  and  production  schedules  thus  developed  were  used  to  select  equipment 
required. 

C.  Ultimate  Pit  Design  -  The  ultimate  pit  design  provided: 

t    A  conceptual  pit  design  covering  the  entire  tract. 

t   An  estimate  of  total  minable  oil  shale  reserves  on  the  entire  tract. 

•    Long-term  guidelines  for  mine  planning. 

The  ultimate  pit  would  conform  conceptually  to  the  Tract  C-a  shape.  The 
ultimate  area  mined  by  open  pit  methods  would  include  a  surface  area  of  about 
4,900  acres,  with  a  north-south  length  of  16,100  feet  and  an  east-west  length 
of  14,000  feet.  The  pit  depth  would  vary  from  1,400  feet  on  the  west  side  to 
1,600  feet  in  the  northeast  corner  and  1,800  feet  in  the  southeast  corner. 

A  summary  of  the  reserves  estimated  to  be  minable  within  the  above  mentioned 
ultimate  pit  is  given  as  Table  4-3-3  in  the  confidential  portion  of  this 
report. 

1.  Criteria  -  The  criteria  used  in  developing  the  ultimate  pit  design 
were: 


Economic  parameters. 

Final  slopes  of  45°. 

100-foot  unmined  zone  between  pit  crest  and  tract  boundary. 

Geologic  structures  not  adversely  affecting  slope  stability, 

Disposal  and  processing  sites  located  off-tract. 

Bench  heights  of  50  feet. 
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2.  Mining  Simulation  -  The  ultimate  pit  design  was  developed  with  the 
aid  of  computer  simulation  techniques.  The  ultimate  pit  mine  simulator  program 
generated  a  pit  layout  and  computed  quantities  and  grades  of  ore  and  waste  for 
a  given  set  of  economic  parameters.  The  computer,  as  a  design  tool,  provided 
quick  calculations  of  the  quantity  and  quality  of  materials  mined  when  one  or 
more  of  the  design  variables  were  changed. 


3.3  DETAILED  MINING  SCHEME 

A.  Introduction  -  The  following  paragraphs  describe  the  mining  methods  and 
equipment  proposed  for  Phase  I  and  Phase  II  operations.  The  methods  and 
equipment  described  represent  those  presently  thought  to  be  best  for  the  Phase 
I  and  Phase  II  operations.  As  more  is  learned  about  the  deposit  and  related 
operations,  the  details  of  equipment  and  its  application  will  be  varied  to  a 
greater  or  lesser  extent  to  meet  conditions.  While  the  following  paragraphs 
set  forth  the  present  plan  it  is  anticipated  that  conditions  will  change 
requiring  periodic  changes  to  the  plan. 

B.  Drilling  and  Blasting  -  With  an  open  pit  operation,  total  mining  and  pri- 
mary crushing  costs  are  influenced  by  the  quality  of  the  drilling  and  blasting 
program.  A  good  drilling  and  blasting  program  results  in  increased  mine  pro- 
ductivity, and  lower  operating  costs. 

The  drilling  and  blasting  scheme  developed  is  based  on  available  data  from 
mining  industry,  known  physical  properties  of  Tract  C-a  rock,  and  text  book 
blasting  theory.  Factors  that  influence  the  choice  of  the  drilling  and  blast- 
ing pattern  are: 

Material  properties. 

Broken  material  characteristics. 

Explosive  properties. 

Bench  specifications. 

Operating  restrictions. 
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1.  Rock  Categories  -  The  rock  contained  within  the  tract  boundaries  can 
be  classified  by  the  following  generalized  categories: 

•  Category  1  -  Overburden:  The  strati  graphic  unit,  between  the  surface 
and  highest  ore  zone  containing  some  marlstone,  with  variable  amounts 
of  sandstone,  shale  and  siltstone.  These  rocks  have  an  equivalent 
oil  content  of  0  to  8  GPT. 

•  Category  2  -  Waste:  Marlstone  having  an  equivalent  oil  content  of  0 
to  8  GPT.. 

t    Category  3  -  Sub-ore  (low-grade  oil  shale):  The  portion  of  the  oil 
shale  stratigraphic  unit  having  an  equivalent  oil  content  of  8  GPT  to 
a  selected  cutoff  grade.* 

•  Category  4  -  Ore:  The  portion  of  the  oil  shale  stratigraphic  unit 
having  an  equivalent  oil  content  of  a  grade  equal  to  or  greater  than 
the  selected  cutoff  grade. 

For  simplification,  the  properties  and  broken  characteristics  of  these  three 
generalized  rock  categories  will  be  used  in  the  design  of  the  blast  pattern. 

2.  Drilling  System  -  The  scale  of  operation  largely  determines  the  size 
of  the  drill.  An  operation  which  relies  on  large  loading  equipment  and  haulage 
units  can  adequately  handle  large  pieces  of  ore  and  waste.  It  does  not  neces- 
sarily follow  that  large  diameter  holes  always  produce  coarse  broken  material, 
because  fragmentation  is  affected  by  many  factors,  of  which  the  most  important 
are  the  "material  properties"  and  "broken  material  characteristics". 

The  drill,  blast  hole  size,  and  drill  hole  patterns  were  evaluated  and  selected 
according  to  the  following  concepts: 

•  Minimum  initial  capital  investment. 

•  Favorable  operating  costs, 
t    Bench  specifications. 

t    Production  requirements. 

•  Adaptability  for  Phase  II  operation. 


*Cutoff  grade:  that  grade  (oil  content)  above  which  material  is  estimated 
to  be  adequate  to  provide  an  acceptable  profit  after  mining,  retorting  and 
upgrading,  within  given  technical  and  economic  parameters.  Cutoff  grade 
varies,  therefore,  as  the  parameters  are  changed. 
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The  typical  blast  hole  will  be  vertical  and  about  57  feet  deep.  This  depth 
allows  about  7  feet  of  subgrade  for  breaking  to  the  designed  toe  of  the  50- 
foot  bench. 

A  rotary  electric  blast  hole  drill  is  preferred  that  is  capable  of  drilling 
large-diameter  downholes  to  the  design  depth  in  a  single  pass.  Single-pass 
drilling  is  emphasized  because  the  elimination  of  steel  (drill  stem)  changes 
results  in  decreased  drilling  time  and  decreased  operating  and  maintenance 
costs. 

The  typical  drilling  pattern  for  all  categories  is  a  multiple-row,  staggered 
pattern. 

A  typical  bench  drilling  scheme  is  shown  in  Figure  4-3-10.  A  24-hole  pro- 
duction shot  provides  about  100,000  tons  of  broken  material  for  a  loading 
unit.  This  requires  two  to  three  blasts  per  week  to  meet  production  require- 
ments. Because  only  one  drill  is  specified,  the  production  blast  must  produce 
this  quantity  of  broken  material  to  minimize  long-distance  moves  between  ore 
and  waste  operating  faces. 

The  drill  selected  has  enough  capacity  that  one  operating  shift  per  day,  five 
days  per  week  will  meet  production  requirements.  Phase  II  operations,  based 
on  the  same  drilling  system,  dictate  that  drilling  operations  must  be  performed 
three  shifts  per  day,  7  days  per  week. 

3.  Blasting  System  -  The  efficiency  of  a  mining  operation  is  affected 
directly  by  the  results  achieved  by  primary  blasting.  The  objectives  of  a 
primary  blasting  system  are:  provide  an  adequate  tonnage  of  broken  material 
with  good  fragmentation  to  ensure  that  loading,  hauling,  and  subsequent  dis- 
posal or  processing  are  accomplished  at  the  lowest  possible  cost;  possess 
flexibility  to  meet  operating  conditions;  and  be  relatively  simple  to  employ. 

A  mixture  of  ammonium  nitrate  and  fuel  oil  (ANF0)  is  used  as  the  primary  ex- 
plosive to  charge  the  blast  holes.  The  initiation  is  by  electric  blasting  cap 
via  suitable  primers.  The  scheduled  time  of  blasting  will  be  at  the  end  of 
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the  day  shift  during  shift  change.  This  complies  with  State  of  Colorado 
regulations  requiring  blasting  operations  during  daylight  hours.  It  also 
ensures  safer  blasting  procedure  because  the  pit  will  be  cleared  of  all  personnel 
before  blasting.  Two  to  three  production  blasts  will  be  required  a  week  to 
meet  Phase  I  production  requirements  of  ore  and  waste.  However,  Phase  II 
production  requirements  necessitate  blasting  daily.  Sequential  detonation 
will  be  utilized  to  enhance  fragmentation,  and  reduce  air  concussion,  noise 
level,  and  ground  vibration. 

The  sequential  detonating  pattern  and  a  cross  section  of  typical  loaded  holes 
are  shown  in  Figures  4-3-11  and  4-3-12. 

The  drilling  and  blasting  operations  will  comply  with  existing  Federal,  State 
and  local  regulations  pertaining  to  handling,  storage  and  use  of  explosive 
materials. 

Preliminary  Tract  C-a  hydrologic  investigations  indicate  that  a  significant 
percentage  of  the  blast  holes  in  the  mine  will  require  dewatering.  Conven- 
tional blast  hole  dewatering  units  will  be  used  to  dewater  blast  holes.  Where 
required  a  preformed  polyethylene  liner  will  be  employed  to  keep  the  explosive 
in  the  holes  dry. 

Either  secondary  drilling  and  blasting  or  a  hydraulic  rock  breaker  will  be 
used  as  necessary  to  reduce  the  oversize  rocks  to  a  size  acceptable  by  the 
primary  crusher. 

4.  Equipment  Selection  -  The  total  equipment  selection  for  the  Phase  I 
operation  is  usable  in  a  Phase  II  operation.  There  is  an  increase  in  the 
number  of  equipment  units  required,  but  the  types  and  sizes  are  compatible 
with  both  Phase  I  and  Phase  II. 

C.  Loading  -  The  primary  equipment,  around  which  mining  procedures  are  deve- 
loped, are  those  selected  for  loading  and  hauling.  The  equipment  for  loading 
and  hauling  must  be  selected  with  great  care  to  ensure  that  minimum  capital 
and  operating  costs  are  achieved.  The  primary  piece  of  loading  equipment 
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selected  for  this  operation  is  an  11 -cy  class  electric  power  shovel  with  a 
13-cy  rock  dipper. 

1.  Loading  System  -  A  shovel  represents  a  major  capital  investment  and 
is  somewhat  inflexible  in  its  application.  Because  of  its  inflexibility,  a 
single  shovel  cannot  be  considered  for  Phase  I.  The  need  for  multiple  working 
faces  --  ore  and  stripping  --  and  maintaining  production  during  breakdowns 
requires  a  minimum  of  two  shovels. 

During  the  preproduction  period,  the  prime  loading  unit  is  one  13-cy  power 
shovel.  To  meet  production  requirements,  to  develop  initial  hillside  cuts  for 
developing  a  bench  height  conducive  to  an  efficient  shovel -loading  operation 
and  to  provide  the  mobility  required  for  early  in-pit  haul  road  construction, 
a  15-cy  front-end  loader  is  scheduled  as  a  supplemental  loading  unit.  A 
second  13-cy  power  shovel  is  brought  into  production  during  calendar  year 
1979.  Based  on  the  planned  production  schedule  and  the  relationship  between 
stripping  requirements  and  oil  shale  production  requirements,  the  two  13-cy 
power  shovels  will  meet  production  requirements. 

One  shovel  is  scheduled  for  ore,  and  the  other  is  scheduled  for  waste  produc- 
tion. Based  on  the  relationship  between  oil  shale  and  waste  requirements, 
these  shovels  are  to  be  moved  to  provide  extra  capacity  in  either  waste  or  oil 
shale  as  the  operation  requires.  To  aid  in  planning  and  to  minimize  the 
amount  of  production  lost  due  to  long  shovel  moves,  the  mine  will  be  developed 
with  230-foot  cuts.  The  230-foot  cut  will  provide  two  90-foot  working  faces 
and  a  50-foot  safety  bench  for  each  working  level.  Figure  4-3-13  shows,  in 
plan  view,  a  typical  bench  development.  As  the  mining  operation  approaches  a 
final  wall,  the  development  scheme  is  modified  to  leave  a  50-foot  safety  bench 
on  the  hundred  foot  designated  levels. 

Primary  loading  operations  with  shovels  require  concurrent  use  of  rubber-tired 
bulldozer  support.  The  bulldozer  performs  pit-cleanup,  maintains  a  clean 
shovel  approach,  and  moves  cables  and  crossings,  as  required  to  keep  in  step 
with  shovel  advance.  Equipping  each  shovel  with  a  support  dozer  provides  un- 
interrupted service,  eliminates  delays  for  electrical  moves  and  minimizes 
truck  tire  wear  in  the  loading  area  (by  maintaining  a  clean  pit). 
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2.  Equipment  Selection  -  A  detailed  study  was  made  to  evaluate  the 
application  of  mining  shovels  and  front-end  loaders  as  primary  loading  units. 
In  general,  larger  loading  units  cost  more  per  hour  to  operate  than  smaller 
units,  but  increased  performance  of  larger  equipment  results  in  lower  loading 
costs  per  ton  of  production. 

As  mentioned  earlier,  the  prime  mine  loaders  selected  were  two  11-cy  class 
power  shovels  with  13-cy  rock  dippers.  These  units  will  be  supported  by 
rubber-tired  dozers  in  the  40,000-1 b.  weight  class.  Because  of  flexibility 
and  relatively  low  capital  cost,  the  front-end  loader  will  be  used  as  an 
auxiliary  loader. 

Although  the  sizes  and  numbers  of  equipment  used  in  Phase  I  operations  are  not 
the  same  as  those  required  in  Phase  II,  the  type  and  loading  scheme  are  similar, 
Phase  II  operations  will  require  25-cy  class  mining  shovels  with  30-cy  rock 
dippers  to  satisfy  production  and  cost  requirements. 

D.  Hauling  -  Transportation  of  mined  material  from  the  loading  face  to  the 
next  stage  of  either  processing  (primary  crushing)  or  disposal  usually  accounts 
for  the  major  portion  of  direct  mining  costs.  The  objective  of  a  good  haulage- 
system  design  is  to  select  that  equipment  which  results  in  the  lowest  overall 
costs.  The  resultant  trend  has  been  toward  large-capacity  mobile  vehicles 
and/or  continuous  conveying  equipment.  A  prime  requirement  is  that  the  haulage 
system  for  a  mine  be  carefully  matched  to  production  requirements,  material 
characteristics  and  physical  layout. 

1.  Haulage  System  -  The  haulage  system  developed  for  Phase  I  operations 
combines  truck  and  conveyor  haulage  to  provide  optimum  haulage  costs. 

Truck  haulage  provides  economical  transportation  for  hauls  under  3  or  4  miles 
where  steep  grades  are  encountered.  These  units  are  powered  by  large  diesel 
power  plants.  The  best  application  is  for  massive,  near-surface  ore  bodies  of 
variable  grade  and  large,  blocky  material  characteristics. 
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Broken  material  is  loaded  by  13-cy  mining  shovels  into  a  fleet  of  85-ton  end- 
dump  haulage  trucks.  The  ore-grade  oil  shale  is  transported  from  the  loading 
face  to  the  primary  crusher.  This  crusher  is  located  approximately  600  feet 
east  of  the  pit  entrance  in  Dry  Fork  at  the  6940-foot  elevation.  This  location 
was  selected  based  on  the  following: 

•  Provides  sufficient  area  for  crushing  facility. 

•  Minimizes  ore-haulage  costs. 

•  Eliminates  relocation  requirement  and  costs. 

t    Increases  safety  from  "fly"  rock  as  a  result  of  blasting  operations. 

Overburden,  waste  and  sub-ore  are  hauled  by  a  fleet  of  85-ton  trucks  to  an 
off-tract  disposal  area  on  84  Mesa.  Figure  4-3-16  shows  the  haul  road  route. 
The  average  length  of  this  haul,  one  way,  is  approximately  18,500  feet  with  a 
maximum  grade  for  any  leg  of  eight  percent.  The  empty  haulage  trucks  return 
along  the  same  route.  The  Phase  II  haulage  system  combines  truck  and  conveyor 
haulage.  A  fleet  of  off-road,  end-dump,  170-ton  haulage  units  have  been 
tentatively  selected  to  convey  the  mined  material  from  shovels  to  the  primary 
crusher  located  in  or  near  the  pit.  Haul  distances  will  be  kept  at  a  minimum 
to  optimize  overall  material  transport  costs.  Consideration  of  crusher- 
conveyor  relocation  and  extension  costs  indicate  that  truck  hauls  should  be 
held  to  about  4000  feet,  with  an  average  vertical  lift  of  about  200  feet.  Use 
of  such  a  system  takes  advantage  of  truck  mobility,  capacity  and  flexibility  -- 
critical  factors  in  maintaining  production  when  failure  of  a  loading  or  haulage 
unit  forces  the  transfer  of  personnel  and/or  equipment  to  another  loading 
face.  It  also  includes  the  economic  benefits  of  long-distance  haulage  by 
fixed  conveyor  from  the  crusher  and  eliminates  reliance  upon  long,  costly 
truck  hauls.  This  concept  is  applied  to  all  mined  materials,  and  because  of 
the  size  of  the  planned  operations,  separate  crusher-conveyor  systems  are 
provided  for  overburden,  sub-ore  and  ore. 

2-  Equipment  Selection  -  Off-road,  end-dump,  two-axle  haulage  trucks  of 
85-ton  capacity  have  been  selected  for  use  in  Phase  I.  Body  capacity  is  65  to 
70-cy  (2:1  heaped)  to  accommodate  the  rated  load  capacity. 
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3.  Haul -Access  Road  Design  -  Traffic  volume  and  the  mine  production 
schedule  dictate  that  haul  road  construction  and  maintenance  will  be  a  con- 
tinuing operation.  Although  the  expense  of  providing  adequate  roadways  is 
appreciable,  greater  truck  productivity,  improved  vehicle  frame  and  tire  life, 
and  safer  operating  conditions  will  result  in  lower  operating  costs.  Required 
minimum  road  width  and  optimum  grades  are  dictated  by  truck  size  and  perfor- 
mance specifications.  Except  in  areas  of  heavy  traffic  density  or  use  by 
haulage  trucks,  the  access  road  specifications  are  governed  largely  by  the 
equipment  using  the  road  and  the  space  available  on  inactive  levels.  In  all 
cases,  road  design  is  governed  by  the  required  service  load,  traffic  density 
and  service  life. 

Truck  performance  standards  indicate  an  optimum  grade  of  8%.  Road  curves  will 
be  designed  with  the  maximum  radius  that  conditions  will  permit.  Operating 
efficiency  and  safety  require  surface  superelevation  on  curves.  Supereleva- 
tion must  be  matched  to  designed  speeds  to  prevent  adverse  side  loading  and 
tire  wear.  Table  4-3-4  shows  the  basic  curve  design  criteria.  Switchbacks 
are  avoided  except  where  required  for  entry  from  production  levels.  Drainage 
is  facilitated  by  side-ditching  and  slightly  crowning  the  roadway.  Safety 
berms  will  be  constructed  along  the  pit  edge  of  the  haul  road.  The  berm  will 
be  of  sufficient  height  to  prevent  a  haul  truck  from  going  through  and  over 
the  edge.  Figure  4-3-14  shows  a  typical  haul  road  in  vertical  section. 

Table  4-3-4 

HAUL  ROAD  CURVATURE  DESIGN  CRITERIA 

Designed         Max.  Sustained     Min.  Radius  of     Superelevation 
Speed  (mph)         Grade  (%)       Curvature  (ft)     (ft/ ft  of  width) 

Less  than  10  8  150  0.04 

10  to  20  8  200  0.05 

20  to  30  8  350  0.06 

30  to  40  7  650  0.06 

Construction  of  primary  haul  roads  will  require  careful  field  engineering.  The 
roadbed  must  be  well  compacted  to  sustain  heavy  traffic  loads. 
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Figure  '4-3-14 
TYPICAL  HAUL  ROAD  CROSS  SECTION 
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Bench  haul  roads  differ  from  the  primary  collector  haul  road  only  in  that  the 
service  life  of  bench  haul  roads  is  limited  to  the  few  months  required  to  mine 
the  level.  Consequently,  the  construction  quality  requirements  will  be  less 
stringent  than  for  the  collector  road. 

4.  Haul  Road  Maintenance  -  Maintenance  of  primary  haul  roads  is  of 
critical  importance.  Roads  must  be  well  maintained  to  extend  frame  and  tire 
life.  The  large  tires  required  are  susceptible  to  damage  from  loose  and  abrasive 
rock;  their  replacement  will  represent  the  highest  cost  factor  of  a  well- 
managed  operation.  Motor  patrol  graders  will  be  required  to  remove  spilled 
rocks  and  maintain  a  smooth  road  surface.  Water-sprinkling  units  will  be  used 
to  control  dust  and  facilitate  compaction. 

A  continuous  recapping  of  intermittent  portions  of  the  road  surface  with 
crushed  aggregate  is  necessary  to  maintain  a  smooth  contact  surface  for  the 
large  tires. 

The  crushed  aggregate  will  be  provided  by  a  semi-portable  crushing  and  screen- 
ing plant.  The  plant  location  will  vary  as  determined  by  the  availability  of 
suitable  overburden  material. 

The  haulage  system  for  Phase  II  operations  will  consist  of  hauling  both  ore 
and  waste  material  to  primary  crushers  located  within  the  pit  area.  Thus,  the 
haulage  road  requirements  are  greatly  reduced  from  those  of  Phase  I,  but  the 
haul  road  design  criteria  and  maintenance  quality  will  remain  the  same. 
Because  the  length  of  haul  is  greatly  reduced,  the  maintenance  requirements 
will  be  reduced. 

E.  Primary  Crushing  -  Facilities  described  in  this  section  perform  the 
following  functions: 

•  Receive  and  reduce  ROM  (run  of  mine)  oil  shale,  sub-ore  and  overburden 

•  Overland  transport  primary  crushed  oil  shale,  sub-ore  and  overburden. 

•  Place  primary  crushed  oil  shale  into  storage. 
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Facilities  are  constructed  in  two  phases:  Phase  I  which  will  operate  the 
first  six  years;  and  Phase  II  which  will  become  operable  in  year  1985.  Phase 
I  facilities  will  continue  to  operate  during  the  construction  of  Phase  II 
facilities. 

The  major  differences  between  facilities  constructed  initially  and  those  for 
Phase  II  are: 

•  ROM  materials  which  receive  a  primary  size  reduction:  for  Phase  I, 
only  oil  shale;  for  Phase  II,  oil  shale,  sub-ore,  overburden  and 
waste. 

•  Number  and  type  of  primary  crushing  units:  for  Phase  I,  a  single 
rotor,  impact  crusher;  for  Phase  II,  three  72-inch  gyratory  crushers, 
one  each  for  ore,  sub-ore,  overburden  and  waste. 

•  Number  and  size  of  overland  belt  conveyor  transport  systems:  for 
Phase  I,  one  system  42  inches  wide  to  transport  oil  shale  ore;  for 
Phase  II,  three  systems  60  inches  wide  to  transport  ore,  sub-ore, 
overburden  and  waste. 

•  Method  of  transporting  sub-ore,  overburden  and  waste  to  the  disposal 
site:  for  Phase  I,  truck  haulage;  for  Phase  II,  overland  belt  conveyor 
systems. 

•  Size  of  primary  crushed  oil  shale  storage  facilities:  for  Phase  I, 
100,000  tons;  for  Phase  II,  approximately  600,000  tons. 

•  Configuration  of  primary  crushed  oil  shale  stockpiles:  for  Phase  I, 
a  large,  conically  shaped  pile  and  for  Phase  II,  two  windrow  piles 

t    Method  of  constructing  storage  piles:  for  Phase  I,  a  single  elevated 
belt  conveyor;  for  Phase  II,  a  rail-mounted  stacker. 

•  Location  of  storage  facilities:  both  are  located  in  the  SW  quarter 
of  Section  28,  T1S,  R99W,  immediately  north  of  the  tract.  Because 
Phase  I  facilities  must  operate  during  Phase  II  construction,  the 
two  storage  facilities  must  be  about  300  feet  apart. 

The  primary  crusher  site  selected  for  Phase  I  is  approximately  600  feet  east 
of  the  open  pit.  Facilities  were  oriented  to  provide  a  functional  and  econom- 
ical approach  to  ROM  receipt  and  crushed  product  transport. 
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1.  Material  Characteristics  -  Published  crushing  test  results  indicate 
that  oil  shale  is  a  moderately  hard  rock,  varying  in  compressive  strength, 
specific  gravity  and  oil  content.  Review  of  these  test  results  indicates  the 
crushing  resistance  increases  with  oil  content,  due  to  increased  toughness  and 
compressibility. 

A  representative  size  consist  for  ROM  material  is  required  to  establish  results 
obtained  by  primary  crushing.  Due  to  the  tough,  laminar  nature  of  oil  shale, 
approximately  1%  of  the  ROM  material  could  be  oversized,  some  pieces  being  as 
large  as  4  feet  by  5  feet  by  6  feet.  Facility  design  must  provide  a  method  to 
handle  and  reduce  this  oversize  material.  By  comparing  a  representative  ROM 
size  consist  with  results  of  the  aforementioned  crushing  tests,  the  size 
analysis  shown  in  Table  4-3-5  was  developed  for  primary  crushed  oil  shale  for 
Phase  I. 

Table  4-3-5 

ESTIMATED  ROM  AND  PRIMARY  CRUSHER  PRODUCT  SIZE  CONSISTS 

Crushed  Material 

Size  (in.)"  %   by  Weight 


ROM  Material 

Size  (in.) 

%  by  Weight 

+24 

5 

24  x  18 

5 

18  x  12 

15 

12  x     8 

14 

8x6 

10 

6x4 

14 

4x3 

8 

3  x     2-1/2 

4 

2-1/2  x  1 

15 

1   x     1/2 

5 

-     1/2 

5 

+6  1 

6x4  15 

4x3  14 

3  x  2-1/2  13 

2-1/2  x  1  33 

1  x  1/2  16 

-  1/2  8 

100%  100% 

The  estimated  primary  crusher  product  size  consist  utilized  in  design  of  re- 
lated facilities  for  Phase  II  is  shown  in  Table  4-3-6.  This  size  consist  will 
be  representative  of  the  crushed  ROM  oil  shale,  sub-ore  and  overburden. 
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Table  4-3-6 
PRIMARY  CRUSHER  PRODUCT  SIZE  CONSIST  -  PHASE  II 


Crushed 

Crushed 

Material 

Material  % 

Size  (in.) 

by  Weight 

+8 

16.00 

8x6 

41.23 

6x4 

31.31 

4x3 

7.33 

3  x  2-1/2 

2.85 

2-1/2  x  1 

1.23 

1   x  0 

.05 

100.00% 

Blasting  operations  at  the  mine  face  must  be  controlled  to  ensure  that  ROM 
sizes  can  be  handled  by  primary  crushing  facilities. 

2.  Design  Criteria  -  The  mine  production  schedule  shown  in  Table  4-3-7 
was  utilized  to  develop  conceptual  design  of  primary  crushing  facilities. 

Table  4-3-7 

MAXIMUM  HOURLY  ORE  PRODUCTION  RATE 
(By  Year  Beginning  June  1979) 


Flow 

Sheet 

Design* 

Year 

TPH 

TPH 

1979 

957 

1,196 

1980 

1,249 

1,561 

1981 

1,406 

1,757 

1982 

1,294 

1,617 

1983 

1,476 

1,845 

1984 

1,316 

1,645 

1985 

2,512 

3,140 

1986-2014 

5,420 

6,775 

*Design  TPH  equals  Flow  Sheet  TPH  *  0.8.  (0.8  is  a  service  factor  used  to 
select  equipment.) 
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The  primary  crushing  facilities  operate  the  same  shifts  as  mining.  Design  of 
the  primary  crushing  facilities  will  be  based  on  the  maximum  shift  production 
which  occurs  in  year  1985  for  Phase  I  and  years  1986-2014  for  Phase  II. 
Material  flow  is  illustrated  graphically  on  Figure  4-3-15. 

Facilities  to  crush  overburden  and  sub-ore  are  designed  based  on  the  mine 
production  rates  shown  in  Table  4-3-8. 

Table  4-3-8 

MAXIMUM  HOURLY  OVERBURDEN  PRODUCTION  RATE 
(By  Year  Beginning  June  1979) 

Flow 

Sheet         Design* 
Year  TPH  TPH 

7  3,199         4,000 

8-36         4,799         6,000 

*Design  TPH  equals  Flow  Sheet  TPH  t  0.8  (0.8  is  a  service  factor  used  to 
select  equipment). 

Facilities  are  designed  to  crush  sub-ore  at  the  same  rate  as  those  for  over- 
burden. 

3.  Location  -  The  location  of  primary  crushing  facilities  for  Phase  I  is 
illustrated  on  Figure  4-3-16.  This  location  was  selected  in  conjunction  with 
the  open  pit  mining  plan  to  provide  an  effective  means  for  receiving  ROM  ore 
and  transporting  sized  material  to  storage  facilities. 

For  Phase  II,  the  location  and  orientation  of  the  primary  crushing  facilities 
used  to  make  a  primary  size  reduction  of  ROM  ore,  sub-ore  and  overburden  are 
based  on  the  centroid  of  the  in-place  materials.  The  location  will  optimize 
truck  haul  and  overland  belt  conveying  distances,  to  provide  best  economics 
and  to  utilize  common  transport  corridors.  The  primary  crusher  for  oil  shale 
ore  will  be  installed  in  the  pit.  The  crusher  to  reduce  sub-ore  will  also  be 
located  in  the  pit  at  a  higher  elevation. 


4-3-37 


a 

• 

« 

»- 

» 

2 

»* 

s 

g 

i 

s 

1 

2 

i 

8 

0 

1 

o 


LU 

Q_ 

O 

21 

LU 

1— 

OO 

in 

>- 

•— 

GO 

CO 

C3 

1 

Z 

«3- 

1— 1 

_l 

CD 

Q 

s- 

Z 

3 

< 

en 

n: 

•r— 

U_ 

CO 

_i 

< 

1—1 

C£ 

LU 

1— 

<C 

TL 

00 


4-3-38 


—  -/ 

/ 


/       V  •         "X   -,     i         %      N  v  /  f -''    t         /  \       ^k 

1  ^  \  S  ll  -■    ^  fJ  l ■''   ^:;t  \  <7V 


'  \ 


I (/> 


4-3-39 


Initially,  the  overburden  crusher  will  be  installed  at  or  near  the  surface. 
All  primary  crushers  will  be  relocated  as  mining  progresses  and  as  economics 
dictate. 

4.  Description  of  Facilities  -  General  arrangement  of  primary  crushing 
facilities  for  Phase  I  is  shown  on  Figure  4-3-17.  The  receiving  hopper,  with 
a  capacity  of  approximately  300  tons  of  material,  is  designed  to  facilitate 
dumping  of  85-ton  rear-dump  trucks  at  3-  to  4-minute  intervals.  A  sloping 
grizzly  will  be  installed  over  the  top  of  the  hopper.  The  grizzly  retains 
pieces  too  large  to  enter  the  crusher  and  protects  the  crusher  feeding  machinery 
from  being  damaged  by  the  impact  of  large  pieces  of  material  when  the  hopper 
is  empty.  Oversize  material  which  will  not  pass  through  the  grizzly  slides  to 
the  back  and  is  reduced  in  size  by  hydraulically  powered  rock  busters  located 
on  the  sides  of  the  hopper.  The  hopper  walls,  formed  by  reposed  material, 
will  reduce  noise,  dust  generation  and  virtually  eliminate  hopper  wear. 

The  primary  crusher  is  a  large,  single-rotor  impactor  which  utilizes  three 
manganese  steel  bars  mounted  on  its  rotor  to  produce  necessary  impactive 
effort.  The  discharged  material  reports  to  the  48-inch  wide  accelerating  belt 
conveyor. 

Primary  crushed  oil  shale  will  be  transported  from  the  bottom  of  the  facility 
through  an  inclined,  concrete  tunnel  to  the  surface.  This  design  is  dictated 
by  existing  soil  conditions,  which  require  the  tunnel  to  be  constructed  in  an 
excavated  cut  and  then  covered  with  fill  material. 

The  primary  crushing  facility  is  designed  without  surface  enclosure;  however, 
if  dust  control  becomes  a  problem  the  facility  will  be  enclosed. 

For  Phase  II  facilities,  the  large  gyratory  crushers  employed  to  reduce  the 
size  of  oil  shale,  overburden  and  sub-ore  will  be  housed  in  reinforced  concrete 
structures  below  grade. 
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5.  Equipment  Selection  -  The  factors  considered  pertinent  to  the  selec- 
tion of  major  equipment  for  the  primary  crushing  of  oil  shale,  overburden  and 
sub-ore  include: 

•  Characteristics  of  ROM  feed. 

•  Primary  crusher  performance. 

•  Efficient  transfer  of  crushed  oil  shale  to  an  overland  belt  conveyor 
system. 

The  selection  of  the  primary  crusher  was  based  upon  the  following  major  factors 

•  Gradation  of  the  ROM  material. 

•  Desired  throughput  capacity, 
t    Economics  of  crushing. 

An  impact-type  crusher  satisfies  the  criteria  for  Phase  I  operations.  It  has 
a  30:1  reduction  ratio  and  produces  material  which  is  easily  transportable  by 
conveyor. 

Three  large  gyratory  crushers  satisfy  criteria  for  Phase  II  operations.  The 
design  of  these  large  units  will  be  modified  to  increase  their  ability  to 
crush  ROM  materials. 

The  major  equipment,  as  shown  in  Table  4-3-9,  was  selected  for  the  primary 
crushing  facility  for  Phase  I. 

Table  4-3-9 

MAJOR  EQUIPMENT 

Motor  Hp 
Description Per  Unit 

Rock  picks  100  hp  (pkg) 

Apron  feeder  100  hp 

Primary  crusher  impact- type  1000  hp 

48- inch  wide  fabric  belt  conveyor  250  hp 


No.   of 
Units 

3 
1 
1 
1 
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Electrical  power  for  the  primary  crushing  operation  will  be  supplied  from  a 
substation  located  near  the  primary  crushing  facility. 

A  console,  located  in  the  operator's  control  cab,  will  allow  control  of  all 
equipment  involved  in  primary  crushing  and  conveying  of  ore  to  the  primary 
stockpile.  Start-stop  pushbuttons,  "running"  indicator  lights,  "ready-to-run" 
indicator  lights  and  indicating  meters  on  this  console  will  enable  the  operator 
to  monitor  and  control  all  operations. 

For  Phase  II,  three  (3)  72-inch  x  102-inch  gyratory  crushers  were  selected  for 
primary  reduction  of  ROM  materials.  Selection  was  based  on  an  evaluation  of 
the  following: 

•  Data  and  studies  covering  the  crushing  of  oil  shale. 

•  Information  and  recommendations  from  manufacturers. 

•  Reliability  and  dependability, 
t  Maintenance  costs. 

F.  Surface  Conveying  and  Ore  Storage  -  Belt  conveying  provides  a  method  of 
transportation  which  is  economically  and  environmentally  advantageous.  Primary 
crushed  ore  storage  will  provide  a  buffer  between  mining  functions  and  retort 
feed  preparation. 

1.  Overland  Belt  Conveyors  -  In  Phase  I,  there  are  three  belt  conveyors 
in  the  overland  transport  system  which  convey  primary  crushed  oil  shale  from 
crushing  facilities  to  crushed  ore  storage.  The  length  of  the  total  system  is 
approximately  7000  feet. 

Belt  conveyors  in  this  system  are  designed  to  handle  mine  production  and 
operate  during  the  same  hours  each  day  as  primary  crushing  and  mining  activities 

At  each  material  transfer  point,  where  the  conveyor  alignment  changes,  dry- 
type  dust  collectors  are  provided. 
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In  Phase  II,  the  belt  conveyor  systems  are  utilized  to  transport  primary 
crushed  oil  shale,  overburden  and  sub-ore.  The  length  of  the  ore  transport 
system  is  approximately  8000  feet.  Each  of  the  overburden  and  sub-ore  systems 
will  be  about  30,000  feet  long. 

The  oil  shale  overland  system  transports  crushed  ore  to  an  area  south  of  the 

Phase  I  plant  site  facilities.  The  last  conveyor  in  the  system  discharges 

material,  either  to  a  yard  conveyor  for  stockpiling,  or  onto  a  reclaim  conveyor 
for  delivery  to  the  secondary  crushing  facilities. 

The  sub-ore  and  overburden  overland  systems  transport  material  to  the  84  Mesa 
disposal  area  for  emplacement. 

a.  Design  Criteria  -  Design  was  performed  in  compliance  with  CEMA 
(Conveyor  Equipment  Manufacturers  Association)  standards. 

b.  Location  -  The  overland  transportation  system,  which  includes 
three  belt  conveyors,  originates  at  the  primary  crushing  facility  and  terminates 
at  the  primary  crushed  ore  stockpile.  The  conveyor  alignments  are  shown  on 
Figure  4-3-16. 

Phase  I  overland  belt  conveyors  follow  the  natural  contour  of  the  land  wherever 
possible.  As  conveyor  belts  will  require  periodic  inspection  and  service,  a 
service  road  will  be  constructed  adjacent  to  the  conveyor  system.  The  service 
road  and  the  conveyor  belt  will  require  about  a  25-foot  right-of-way. 

Phase  II  locations  of  the  primary  crushing  facilities  will  be  selected  by  com- 
paring the  costs  of  transporting  ROM  by  truck  versus  overland  belt  conveyor. 
The  alignments  and  profiles  of  the  transportation  systems  will  be  determined, 
based  on  the  most  economical  approach. 

Long  overland  belt  conveyors  are  designed  to  generally  follow  the  natural  con- 
tours of  the  land.  Contours  will  be  changed  by  cutting  and/or  filling  when 
necessary  for  conveyor  or  service  road  construction.  The  width  of  belt  con- 
veyor/service road  corridors  will  depend  on  the  number  of  conveyors  using  the 
same  corridor. 
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c.  Description  of  Overland  Belt  Conveyor  Systems  -  All  conveyors 
are  designed  in  accordance  with  CEMA  standards  and  use  conventional  components. 

Phase  I  belt  conveyors  will  be  covered  to  control  dust.  Where  the  transport 
system  changes  direction  and  material  is  transferred  from  one  belt  conveyor  to 
the  next,  an  enclosed  transfer  station  will  be  provided.  Dry-type  dust  col- 
lectors will  be  installed  to  capture  fugitive  dust  generated  at  these  points. 

The  Phase  II  overland  transport  systems  which  convey  ore,  sub-ore  and  over- 
burden will  be  designed  in  accordance  with  CEMA  standards  and  utilize  con- 
ventional belt  conveyor  components.  All  conveyors  will  be  enclosed  by  semi- 
circular hoods  to  control  dust  and  protect  conveyor  belting.  The  conveyor 
hoods  will  be  designed  to  facilitate  maintenance  of  conveyor  components  and 
inspection  of  the  belts. 

d.  Equipment  Selection  -  Belt-conveyor  components  for  overland 
transport  systems  for  Phase  I  and  Phase  II  will  be  selected  based  on  CEMA 
design  standards.  The  alignments  and  profiles  of  these  belt  conveyor  systems 
will  be  optimized  to  provide  transport  systems  which  are  environmentally  sound 
and  economically  justifiable. 

A  walk-way  paralleling  the  conveyors  will  be  lighted  for  night-time  operations. 
Emergency  stop  switches  are  spaced  at  200-foot  intervals  along  the  conveyor 
and  can  be  operated  by  plastic-coated  pull  cables  from  any  point  along  either 
side  of  the  conveyor.  The  conveyor  frame  will  be  grounded  through  ground  rods 
along  the  conveyor  length  to  drain  off  any  static  charges  which  might  develop 
and  to  assure  a  low  resistance  path  to  ground  for  any  possible  electrical 
fault  currents.  A  series  of  visual  and  audible  alarms  along  the  conveyor 
length  will  be  automatically  initiated  for  an  adjustable  time  period  prior  to 
actual  startup  of  the  conveyor  belt.  Side-travel,  plugged-chute,  torn-belt 
and  under-speed  and  fire  detection  shutoffs  are  provided  for  protection  of  the 
conveyor  system.  Topography  dictates  that  portions  of  this  conveyor  system  be 
elevated  on  steel  trusses  allowing  wildlife  to  pass  freely  beneath. 
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2.  Primary  Crushed  Ore  Storage  -  The  Phase  I  primary  crushed  stockpile 
is  shown  on  Figure  4-3-18.  Under  normal  operating  conditions,  this  large 
conically  shaped  pile  contains  100,000  tons  of  minus  6-inch  crushed  oil  shale. 
Approximately  30%  of  the  pile  is  live,  or  automatically  reclaimed  by  gravity 
without  assistance  from  auxiliary  mobile  equipment.  The  last  conveyor  of  the 
overland  transport  system  is  elevated  at  its  discharge  into  a  12-foot  diameter, 
reinforced  concrete  tube  which  has  rectangular  openings  at  various  elevations. 
As  the  material  level  rises  inside  the  tube,  it  flows  from  the  openings  to 
form  the  conical -shaped  pile. 

Prior  to  commencing  oil  shale  processing,  approximately  300,000  tons  of  primary 
crushed  oil  shale  will  be  mined  and  delivered  to  storage.  As  it  will  be 
impossible  to  stockpile  all  this  material  in  a  conical  pile  designed  for 
100,000  tons,  it  will  be  necessary  to  doze  the  excess  material  away  from  the 
base  of  the  pile  into  temporary  storage;  then,  in  the  first  12  months  of 
secondary  crushing  and  retorting,  this  temporarily  stored  material  will  be 
reclaimed  by  mobile  equipment  until  only  the  original  cone  of  material  exists. 

The  Phase  II  primary  crushed  ore  stockpile  will  be  an  open  storage  facility 
consisting  of  two  windrow  piles,  each  about  65  feet  high,  180  feet  wide  and 
1300  feet  long.  Each  pile  contains  about  300,000  tons.  A  stockpile  of  600,000 
tons  (approximately  5  days  of  mine  production)  was  deemed  a  sufficient  amount 
to  assure  continuous  operation  of  secondary  crushing  facilities,  in  case 
mining  activities  should  be  temporarily  interrupted. 

The  last  belt  conveyor  of  the  overland  transport  system  will  discharge  onto  a 
yard  conveyor  at  the  plant  site.  Ore  will  be  placed  in  storage  by  a  rail- 
mounted,  swinging  boom  stacker  which  straddles  the  yard  conveyor  and  travels 
between  the  piles. 

Reclaiming  ore  from  storage  will  be  accomplished  by  a  bucket-wheel.  The 
operation  and  equipment  selection  is  discussed  in  greater  detail  in  Section  5, 
as  reclaiming  is  considered  a  part  of  the  retort  feed  preparation  facilities. 
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a.  Design  Criteria  -  Design  of  the  Phase  I  and  Phase  II  primary  crushed 
ore  stockpiles  was  based  on  the  following  requirements: 

•  Under  normal  operating  conditions,  the  quantity  of  primary 
crushed  ore  in  storage  should  equal  about  5  days  of  mine  pro- 
duction. 

•  Facilities  for  Phase  I  should  be  designed  to  provide  space  for 
200,000  tons  of  excess  material  during  mine  preproduction.  This 
material  may  be  handled  by  auxiliary  mobile  equipment. 

•  Systems  developed  for  stacking  and  reclaiming  material  must  be 
economically  and  environmentally  sound. 

b.  Location  -  The  location  of  the  primary  crushed  ore  stockpile, 
for  Phase  I,  and  its  position  relative  to  other  facilities  is  shown  on  Figure 
4-3-16.  The  site  was  selected  to  provide  a  systematic  development  plan  for 
Phase  I  and  Phase  II  facilities. 

c.  Facilities  -  The  design  and  location  of  the  conical  stockpile 
afford  a  method  of  expanding  the  storage  capacity  to  300,000  tons  to  meet  mine 
preproduction  requirements.  The  concrete  lowering  tube  controls  dust  genera- 
tion and  minimizes  degradation  of  material.  Reclaim  from  four  drawdown  points, 
beneath  the  pile,  provides  about  30,000  tons  of  live  storage. 

The  design  and  operation  of  equipment  selected  to  reclaim  primary  crushed  oil 
shale  from  storage  is  discussed  in  greater  detail  in  Section  5, 

Facilities  for  storage  of  primary  crushed  oil  shale  for  Phase  II  represents  an 
entirely  different  concept  from  that  developed  for  Phase  I,  because: 

•  Storage  capacity  requirements  are  increased  significantly. 

t    100%  recovery  of  stored  material  without  use  of  auxiliary  mobile 

equipment  is  desired, 
t    Blending  capabilities  are  desirable. 

•  A  more  economical  means  of  stacking  and  reclaiming  applies. 
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t    Mitigation  of  environmental  problems  are  associated  with  increased 
storage  capacity. 

The  proposed  facilities  and  associated  equipment  will  be  designed  to  satisfy 
the  economic  and  environmental  criteria  for  Phase  II. 

d.  Equipment  Selection  -  To  develop  a  feasible  plan  for  stockpiling 
material,  the  reclaiming  method  must  also  be  considered  due  to  the  economic 
relationship  between  the  two  functions.  This  relationship  was  considered  in 
design  of  facilities  and  selection  of  equipment  for  both  Phase  I  and  Phase  II. 
Section  5  covers  the  reclaiming  equipment  selected  for  both  Phase  I  and  Phase 
II. 

Many  factors  influence  the  selection  of  equipment  for  stacking  and  reclaiming 
material.  The  major  factors  are  economics,  environmental  aspects,  quantity 
requirements,  material-handling  rates,  material  characteristics  and  existing 
environmental  stipulations. 

The  Phase  I  stacking  equipment  consists  of  a  12-foot  diameter,  concrete  lower- 
ing tube,  about  120  feet  high.  Rectangular  wall  openings  allow  material  to 
flow  outward  forming  the  storage  pile.  Openings  are  located  at  varying  eleva- 
tions in  the  wall  to  reduce  dust  generation  and  material  degradation.  The 
lowering  tube  also  provides  an  economical  method  of  supporting  the  discharge 
end  of  the  last  conveyor  in  the  overland  system. 

The  Phase  II  stacking  equipment  consists  of  a  yard  belt,  about  1500  feet  long, 
elevated  by  a  rail -mounted  tripper,  which  is  pulled  by  a  stacker.  The  stacker 
boom  has  swinging  and  luffing*  capabilities  which  provide  maximum  flexibility 
in  stacking  the  windrow-shaped  piles  and  minimizing  dust  generation.  The 
stacking  operations  may  be  automated. 


*l_uffing:  Raising  and  lowering  the  stacker  boom  by  changing  its  angle  with 
the  horizontal . 
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3.4  ANCILLARY  FACILITIES 

A.  Mine  Dewatering  -  A  mine-dewatering  system  will  be  required  to  mine  oil 
shale  from  Tract  C-a.  It  is  anticipated  that  deep  wells  will  be  used  to 
dewater  the  aquifers.  The  dewatering  requirement  for  the  Dry  Fork  Phase  I  pit 
will  increase  during  the  first  five  years  of  mining  to  a  peak  of  about  two 
cfs,  entirely  from  the  upper  aquifer  as  shown  on  Figure  4-3-19.  Subsequent 
expansion  of  production  during  Phase  II  operations  will  require  additional 
dewatering  of  the  upper  aquifer  as  well  as  dewatering  of  the  lower  aquifer. 
The  possible  impacts  of  dewatering  are  presented  in  Section  10,  Chapter  3. 

1.  Analytical  Methods  -  The  analytical  methods  used  for  the  mine- 
dewatering  study  include  a  computerized  finite  difference  model  of  the  tract 
area  and  Piceance  Creek  basin.  A  flow  chart  of  the  model  is  shown  on  Figure 
4-3-20.  The  model,  which  was  developed  to  simulate  ground-water  pumping  at 
the  mine  and  to  analyze  the  effect  on  the  basin,  is  similar  to  a  model  developed 
by  the  WRD  of  the  USGS  for  previous  studies  in  the  Piceance  Creek  basin.  The 
specific  version  of  the  model  used  herein  is  a  finite  difference  program 
developed  by  the  State  Water  Survey  Division  of  the  Illinois  Board  of  Natural 
Resources  and  Conservation  and  described  in  Bulletin  55,  Selected  Digital  Computer 
Techniques  for  Ground  Water  Resource  Evaluation,  1971. 

In  this  model,  a  finite  difference  network  represents  the  basin  ground-water 
system.  The  partial  differential  equations  that  describe  the  ground-water 
flow  are  solved  using  a  digital  computer.  The  program  was  developed  by  Prickett 
and  Longquist  (1971)  to  simulate  a  wide  variety  of  aquifer  conditions.  The 
program,  as  adapted  for  use  in  modeling  the  Piceance  Creek  basin,  utilizes  the 
Prickett  and  Longquist  modifications  for  three-dimensional  non-steady  flow  in 
a  system  composed  of  two  heterogeneous  artesian  aquifers  separated  by  a  leaky 
aquitard.  Use  was  made  of  the  mechanism  for  converting  from  artesian  to 
water-table  conditions  during  dewatering  of  Tract  C-a. 

The  ground-water  flow  system  that  is  hydrologically  connected  to  Piceance  and 
Yellow  Creeks  was  modeled.  Because  adequate  hydrologic  data  were  not  available 
outside  the  tract  area,  indirect  evidence  was  used  to  define  the  system.  The 
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three  criteria,  which  were  considered  for  definition  of  the  physical  limits  of 
the  system,  are: 

t    The  area  is  underlain  by  rocks  dipping  toward  center  of  the  Piceance 

Creek  basin, 
t    The  area  is  encompassed  by  the  base  of  the  Parachute  Creek  Member  of 

the  Green  River  Formation,  which  is  underlain  by  a  thick  sequence  of 

relatively  impermeable  rocks. 
0    The  area  is  drained  by  streams  tributary  to  Yellow  and  Piceance 

Creeks. 

The  boundaries  of  the  ground-water  system  used  in  this  study  were  selected  to 
approximately  coincide  with  those  used  by  Weeks  and  others  in  USGS  Prof.  Paper 
908  (1974)  in  modeling  the  Piceance  Creek  basin  ground-water  system.  Weeks 
(oral  communication,  January  23,  1975)  found  that  the  ground-water  system 
nearly  corresponds  with  the  combined  watersheds  of  Yellow  and  Piceance  Creeks. 
The  ground-water  system  boundaries  are:  the  Cathedral  Bluffs  on  the  west;  the 
divide  separating  the  White  and  Colorado  River  Basins  along  Roan  Plateau  on 
the  south;  the  Roan  Cliffs  on  the  southeast;  and  the  base  of  the  Parachute 
Creek  Member  of  the  Green  River  Formation  on  the  northeast  and  east. 

The  grid  in  the  finite  difference  model  was  oriented  N60°W  and  N30°E  as  shown 
on  Figure  4-3-21.  The  rows  of  the  network  are  oriented  N60°W,  nearly  parallel 
to  the  faults  and  other  structural  features  at  Tract  C-a.  The  columns  are 
oriented  N30°E  to  form  an  orthogonal  system.  The  orientation  was  selected  for 
the  following  two  reasons:  first,  the  ground-water  boundaries,  which  generally 
are  parallel  to  the  geologic  structures,  are  more  easily  incorporated  into  a 
model  along  a  row  or  column  than  at  some  other  orientation;  and  second,  the 
capability  to  provide  for  anisotropic  conditions  parallel  and  perpendicular  to 
the  faults. 

The  columns  are  numbered  from  northeast  to  southwest,  and  the  rows  are  numbered 
from  northwest  to  southeast.  Nodes  at  each  intersection  are  identified  by  the 
designated  row  and  column  numbers. 
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Figure  4-3-20 

FLOW  CHART  OF  COMPUTERIZED  FINITE  DIFFERENCE  MODEL 
USED  IN  MINE  DEWATLRIHG  STUDY 
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Each  node  represents  a  rectangular  cell  bounded  by  a  line  midway  between 
adjacent  nodes.  Assigned  to  each  node  are  the  average  values  for  the  hydraulic 
properties  of  the  respective  aquifer  within  the  cell,  the  total  area  of  the 
cell  and  the  potentiometric  surface  of  the  aquifer  at  the  nodal  point.  A 
variable  grid  spacing  was  used  to  provide  a  relatively  close  spacing  in  and 
adjacent  to  Tract  C-a  and  a  coarser  spacing  was  used  elsewhere  in  the  basin, 
in  order  to  conserve  computer  core  storage.  The  network,  as  shown  on  Figure 
4-3-21,  contains  45  rows  and  49  columns  spaced  as  shown  in  Table  4-3-10. 


GROUND 

Table 

WATER  1 

Grid 

4-3- 

WDEL 

Layoi 

10 

GRID 
Jt 

SYSTEM 

Rows 

Col 

umns 

Nos. 

Spacing 

2  miles 
Variable 
0.2  miles 
Variable 
2  miles 

Nos. 

Spacing 

1  -  9 

9-12 

12  -  38 

38  -  41 

41  -  45 

1  -  16 
16  -  19 
19  -  45 
45  -  48 
48  -  49 

2  miles 
Variable 
0.2  miles 
Variable 
2  miles 

The  digital  model  was  calibrated  to  simulate  the  hydraulics  and  the  water 
balance  of  the  ground-water  system  underlying  the  Piceance  Creek  basin.  The 
system  is  presently  in  a  steady-state  condition  with  almost  no  ground-water 
development.  In  such  a  system,  recharge  is  equal  to  discharge.  The  model  was 
calibrated  to  most  accurately  fit  the  values  for  the  following  parameters: 

t   Ground-water  flow  through  the  system  with  recharge  equal  to  discharge, 
t   Transmissivity. 

•  Head  distribution. 

•  Leakance  through  the  major  confining  layer  that  separates  the  lower 
and  upper  aquifers. 

The  estimated  value  for  the  storage  coefficient  cannot  be  evaluated,  verified, 
or  refuted  under  steady-state  conditions,  because  ground-water  flow  is  inde- 
pendent of  the  capacity  of  an  aquifer  system  to  store  water  unless  the  head 
changes  with  time. 
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The  set  of  initial  conditions  for  the  model  constructed  to  simulate  dewatering 
of  Tract  C-a  was  the  Piceance  Creek  basin  ground-water  model  constructed  by 
Weeks  and  others  (1974).  This  set  of  conditions  was  adjusted  to  fit  the 
hydraulic  parameters  measured  in  the  Tract  C-a  investigations.  Measurements 
that  necessitated  recalibration  included  a  relatively  steep  hydraulic  gradient 
in  the  upper  aquifer  (about  0.025)  and  a  very  gentle  gradient  in  the  lower 
aquifer  (about  0.002).  The  measured  transmissivities  from  pumping  on  Tract 
C-a  are  much  greater  than  values  that  Weeks  and  others  (1974)  applied  to  the 
part  of  the  basin  in  which  Tract  C-a  is  located.  Pumping  tests  in  1975  indicated 
that  the  transmissivity  of  the  upper  aquifer  is  about  2,500  gpd/ft  (gallons 
per  day  per  foot)  in  the  N60°W  direction  and  1,600  gpd/ft  in  the  N30°E  direction 
compared  with  525  gpd/ft  reported  in  USGS  Professional  Paper  908,  and  that  the 
transmissivity  of  the  lower  aquifer  is  about  7,000  gpd/ft  compared  with  3,000 
gpd/ft  reported  in  Professional  Paper  908.  The  observed  head  configuration 
and  measured  values  of  transmissivity  on  Tract  C-a  indicate  increased  ground- 
water recharge  to  the  upper  aquifer  and  decreased  leakance  between  aquifers  in 
and  west  of  Tract  C-a.  During  calibration,  the  recharge  area  was  assumed  to 
be  the  area  above  the  7,000-foot  elevation  throughout  the  basin,  and  the  total 
ground-water  flow  in  the  system  was  maintained  at  33.3  cfs,  approximately  the 
value  determined  by  Weeks  and  others  (1974). 

The  calibrated  model  indicates  that  ground-water  discharge  should  be  distributed 
with  26.45  cfs  to  Piceance  Creek  and  6.85  cfs  to  Yellow  Creek.  These  values 
compare  well  with  ground-water  discharge  in  the  model  calibrated  by  Weeks  and 
others  (1974)  where  27.3  cfs  were  distributed  to  Piceance  Creek  and  6.1  cfs 
flow  was  distributed  to  Yellow  Creek. 

The  calibrated  model  was  used  to  simulate  dewatering  of  the  open  pit  at  the 
Dry  Fork  location.  Lowering  of  the  water  levels  in  seven  cells,  each  0.2  mi  x 
0.2  mi,  was  simulated  to  correspond  to  mining.  Because  the  bottom  of  the 
Phase  I  pit  will  be  several  hundred  feet  above  the  top  of  the  lower  aquifer 
after  six  years,  dewatering  is  required  in  the  upper  aquifer  only.  The  simu- 
lated lowering  of  the  upper  aquifer  water  level  was  linear,  which  maintained 
the  water  level  at  or  slightly  below  the  mine  level  through  the  six-year 
period.  The  seepage  rate  was  determined  by  the  computer.  A  well  array  which 
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was  based  on  the  performance  of  upper  aquifer  wells  on  Tract  C-a  during  testing 
was  laid  out  to  provide  a  feasible  dewatering  system. 

2.  Design  Assumptions  -  The  hydraulic  characteristics  of  the  upper 
aquifer  and  the  chemical  character  of  the  water  in  the  aquifer  were  defined  by 
testing  and  sampling  during  test  drilling  and  by  analyzing  pumping  tests.  The 
best  estimates  for  these  parameters  were  used  to  analyze  the  dewatering  that 
will  be  required  to  mine  Tract  C-a.  These  values  are  shown  in  Table  4-3-11. 


Item 


Transmissivity 


Storage  coefficient 
(when  water  level  is 
above  top  of  aquifer) 

Storage  coefficient 
(when  water  level  is 
below  top  of  aquifer) 

Pumping  capacity 
of  wells 


Average  pumping  head 


Dissolved  solids  of 
water  in  aquifer 


Table  4-3-11 
HYDROLOGIC  DESIGN  ASSUMPTIONS 

Value  Basis 


2500  gpd/ft 
(at  N60°W) 
1600  gpd/ft 
(at  N30°E) 


10 


-3 


-1 


10 


150  gpm 


400  feet 


1100  mg/1 
avg.  on  tract, 
1000  mg/1  at 
Dry  Fork 
location 


Derived  value  from  pumping  tests  of 
upper  aquifer  wells  on  Tract  C-a 
during  first  half  of  1975.  Ad- 
justed for  best  model  calibration 

Estimated  by  Weeks  and  others  in 
1974. 


Estimated  by  Weeks  and  others  in 
1974. 


Pumping  rate  estimated  for  50-ft 
drawdown  based  on  specific  capacity 
(estimated  by  dividing  the  trans- 
missivity by  1750) 

Depths  of  upper  aquifer  as  shown 
by  Wright  Water  Engineers  (1975) 

Based  on  Water  Quality  Data  in 
Wright  Water  Engineers  (1975) 


The  dewatering  of  an  open  pit  mined  to  a  level  below  the  bottom  of  a  confined 
aquifer  involves  three  stages.  These  dewatering  stages  are  defined  as  follows: 
1)  when  the  bottom  of  the  pit  is  above  the  aquifer,  2)  when  the  bottom  of  the 
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pit  is  within  the  aquifer  and  3)  when  the  bottom  of  the  pit  is  below  the 
aquifer.  The  criteria  for  dewatering  differ  during  each  stage.  In  an  area 
underlain  by  more  than  one  aquifer,  the  sequence  of  dewatering  stages  applies 
to  each  aquifer  to  be  penetrated  by  an  open  pit  mine. 

With  the  bottom  of  a  pit  above  the  top  of  a  confined  aquifer,  the  purpose  of 
dewatering  is  to  prevent  a  boil -up  or  failure  of  the  pit  bottom  resulting  from 
excess  uplift  pressure.  The  piezometric  level  of  that  aquifer  does  not  need 
to  be  kept  below  the  bottom  of  the  pit  but  only  below  the  elevation  at  which 
the  weight  of  rock  between  the  pit  bottom  and  the  aquifer  top  exceeds  the 
uplift  pressure  on  the  bottom  of  the  pit.  Dewatering  should  be  initiated 
prior  to  the  time  the  pit  bottom  reaches  the  critical  elevation  in  order  to 
provide  a  safety  factor  and  to  minimize  the  required  pumping  capacity.  Never- 
theless, the  pumping  schedule  during  this  dewatering  stage  is  flexible  because 
pumping  can  be  discontinuous  over  short  periods  of  time  with  complete  safety. 

The  closer  the  wells  are  to  the  pit,  the  less  water  will  have  to  be  pumped  in 
order  to  lower  the  water  level  to  a  given  elevation.  However,  wells  located 
close  to  an  initial  pit  that  will  later  encompass  a  larger  area  will  be  lost 
when  the  pit  expands.  Therefore,  the  plan  for  pit  expansion  in  part  determines 
the  most  efficient  placement  for  wells  required  to  dewater  the  initial  pit. 

When  the  bottom  of  a  pit  penetrates  the  aquifer,  water  will  seep  into  the  pit, 
unless  the  water  level  is  kept  below  the  pit.  The  pumping  level  in  dewatering 
wells  must  be  lower  than  the  pit  bottom  to  reduce  seepage  into  the  pit.  As 
the  saturated  thickness  decreases,  the  seepage  becomes  increasingly  difficult 
to  control.  The  quantity  of  seepage  is  determined  by  the  well  configuration, 
pumping  levels  and  the  hydraulic  properties  of  the  aquifers.  Most  of  the 
seepage  during  this  dewatering  stage  is  along  the  outer  edge  of  the  bottom  of 
the  pit.  However,  in  a  fractured  aquifer,  concentrated  points  of  seepage  are 
located  along  individual  fractures  intercepted  by  the  pit. 

3.  Dewatering  Design  -  The  dewatering  of  the  open  pit  mines  would  be 
accomplished  primarily  by  well  systems  ringing  the  pit.  A  secondary  dewatering 
system  would  consist  of  a  sump  pump  or  pumps  in  the  pit  bottom  to  remove 
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seepage  and  precipitation  falling  in  the  pit.  Surface  water  runoff  outside  of 
the  pit  perimeter  would  be  diverted  around  the  pit  by  interceptor  ditches  (see 
Section  9,  Chapter  6) . 

a.  Wells  -  The  projected  quantity  of  water  that  must  be  pumped  from 
the  upper  aquifer  in  order  to  dewater  the  Phase  I  mine  at  the  Dry  Fork  location 
will  vary  with  time.  The  minimum  pumping  will  average  1.2  cfs  and  will  peak 

at  about  1.95  cfs.  The  curve  is  shown  on  Figure  4-3-19. 

Reducing  seepage  in  the  pit  requires  eight  wells  around  the  Phase  I  pit.  The 
wells  will  be  about  1,000  feet  apart.  The  tentative  locations  are  shown  on 
Figure  4-3-22.  The  final  design  of  the  well  field  will  be  based  on  a  series 
of  test  holes,  which  will  be  drilled  to  determine  the  most  favorable  well 
locations. 

The  projected  dewater ing  requirements  of  the  Phase  I  pit  are  less  than  the 
water  needs  for  the  project  throughout  the  six-year  period.  Additional  water 
will  be  obtained  from  two  additional  sets  of  wells.  Each  set  will  consist  of 
one  well  pumping  from  the  upper  aquifer  and  one  well  pumping  from  the  lower 
aquifer.  Locations  of  these  wells  are  shown  on  Figure  4-3-22.  Whenever  water 
is  required,  as  much  water  as  possible  will  be  pumped  from  the  dewatering 
system  in  order  to  minimize  the  surface  storage  facilities.  This  water  supply 
plan  will  permit  pumping  rates  to  be  less  than  the  values  shown  on  Figure  4- 
3-19  for  short  periods  of  time  when  water  demands  are  small  and  will  allow  the 
mine  to  remain  dewatered. 

The  Phase  II  mine  will  require  that  both  the  upper  and  lower  aquifers  be 
dewatered  in  the  vicinity  of  the  proposed  mine.  This  dewatering  will  be 
accomplished  primarily  by  wells  ringing  this  mine.  As  the  mine  expands  new 
wells  will  be  drilled  and  old  wells  in  the  mining  path  abandoned.  The  projected 
dewatering  requirements  vary  with  time.  It  is  projected  that  the  amount  of 
dewatering  between  the  9th  and  30th  year  of  Phase  II  operation  will  range  from 
11,000  to  14,000  acre  feet  of  water  per  year. 

b.  Sumps  -  The  well  system  will  be  used  to  dewater  as  much  of  the 
aquifers  as  is  economically  feasible.  The  remaining  water  in  the  aquifer  will 
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be  allowed  to  seep  into  the  pit.  It  is  anticipated  that  the  rate  of  seepage 
will  range  from  20  to  40  percent  of  the  total  mine  dewatering.  In  addition  to 
the  seepage,  the  sump  pumps  capacity  must  be  large  enough  to  also  handle  in  a 
reasonable  time  the  precipitation  that  falls  directly  on  the  pit.  Experience 
indicates  that  the  pumps  should  have  an  additional  25%  capacity  over  and  above 
the  seepage  rate. 

During  the  early  years  of  the  Phase  I  mine,  a  300  gpm  capacity  sump  pump  would 
meet  the  above  criteria  and  would  have  a  projected  33%  reserve  capacity. 
During  the  later  years  of  the  Phase  I  mine,  a  sump  pump  capacity  of  600  gpm 
would  be  required  to  meet  the  above  criteria  and  have  the  same  projected 
reserve  capacity. 

The  Phase  II  mine,  developed  in  stages  to  the  proposed  30-year  pit  design, 
would  require  a  projected  sump  pump  capacity  of  7,000  gpm  by  the  end  of  the  30 
year  mining  period. 

B.  Mine  Power  Distribution  -  The  proposed  electric  power  distribution  system 
for  the  Mine  Plant  includes  a  main  power  distribution  loop  that  feeds  two 
fenced  outdoor  substations,  which  feed  portable  switch  houses,  which  in  turn 
feed  mine  equipment. 

According  to  plans,  one  substation  located  west  of  the  Phase  I  pit  perimeter 
will  provide  power,  via  cables  and  switch  houses,  to  mine  equipment  that  in- 
cludes two  shovels,  one  rotary  drill  and  dewatering  pumps;  and  the  other  sub- 
station located  near  the  crushing  facility  will  provide  power  to  that  facility 
plus  the  belt  conveyor  system  that  transports  crushed  ore  to  the  retorts. 

Long  power  cables  that  connect  the  shovels  and  drill  to  the  switch  houses  pro- 
vide this  mobile  equipment  with  the  needed  flexibility  to  cover  relatively 
large  areas  with  minimum  difficulty. 

The  Phase  II  power  distribution  system  will  be  similar  to  the  preceding; 
however,  more  and  larger  equipment  will  increase  the  power  demand  significantly, 
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C.  Maintenance  -  Cost  statistics  developed  from  established  open  pit  mining 
operations  show  maintenance  costs  to  be  approximately  50%  of  the  total  mining 
operating  cost.  This  high  percentage  is  due  primarily  to  large  equipment  and 
contained  complex  machinery  that  require  "high-order"  maintenance  work  to 
sustain  "trouble-free"  operation. 

In  developing  maintenance  plans  for  a  Tract  C-a,  Phase  I  open  pit,  it  was  con- 
cluded that  maintenance  costs  will  hold  true-to-form  and  approximate  50%  of 
the  total  Phase  I  mine  operating  cost. 

Based  on  the  foregoing,  the  prime  objective  of  the  maintenance  plan  for  a 
Phase  I  open  pit  mining  operation,  is  to  help  achieve  profit  maximization  by 
maintaining  operating  equipment  in  a  manner  that  achieves  a  realistic  balance 
between  production  and  costs.  In  other  words,  the  goal  is  to  keep  equipment 
operable  for  a  designated  percentage  of  total  time  (availability)  at  the 
lowest  possible  maintenance  cost. 

Phase  I  maintenance  goals  and  objectives  will  be  accomplished  by  trained 
maintenance  personnel  performing  required  maintenance  and  repair  work  on 
equipment  either  in  the  field  (shovels,  drills,  breakdowns)  or  in  shops  (haulage 
trucks,  service  equipment,  automotive,  etc.).  Maintenance  work  will  consist 
principally  of  that  designated  as  either  (1)  breakdown  or  (2)  preventive. 

Breakdown  maintenance  refers  to  repairs  to,  or  replacement  of  equipment  after 
mechanical  failure.  Breakdowns  can  be  planned  or  unexpected,  depending  on  the 
piece  of  equipment  and  its  relative  importance  to  the  mining  operation.  Equip- 
ment that  is  intentionally  worked  to  failure  includes  units  that  are  either 
more  economical  to  replace  than  repair,  or  not  critical  to  the  operation. 

Preventive  maintenance  is  defined  as  a  program  of  periodic  inspection  to  pre- 
vent breakdowns  before  they  occur  and  includes:   (1)  selection  of  equipment; 
(2)  record  keeping;  and  (3)  care  of  equipment.  Preventive  maintenance  is 
applicable  to  those  units  of  equipment  that  are  essential  to  the  operation  and 
if  broken  down  would  cause  serious  disruptions  and  delays. 
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Maintenance  shops  will  include  a  truck  shop  at  Dry  Fork  near  its  confluence 
with  Corral  Gulch,  and  a  shared  (with  processing)  maintenance  and  repair 
facility  near  the  processing  plant.  The  truck  shop  will  include:   (1)  repair 
facilities  for  170-ton  or  smaller  haulage  trucks,  crawler  tractors  and  light 
vehicles;  (2)  overhead  bridge  cranes;  (3)  a  tool  crib;  (4)  a  battery  storage; 

(5)  a  boiler  room;  (6)  a  warehouse;  and  (7)  offices.  The  maintenance  and 
repair  facility  will  include:   (1)  repair  shops  for  bottom  dump  trucks,  light 
vehicles  and  crawler  tractors;  (2)  a  warehouse;  (3)  machine,  electrical, 
welding,  pipe,  carpenter  and  paint  shops;  (4)  a  boiler  room;  (5)  office  space; 

(6)  battery  storage;  and  (7)  overhead  bridge  cranes. 

To  effectively  carry  out  its  programs,  the  maintenance  organization  will 
utilize  the  best  available  maintenance  equipment,  will  hire  maintenance  spe- 
cialists, will  promote  company  sponsored  training  programs  for  qualified 
personnel,  and  will  work  closely  with  all  other  departments. 

Phase  II  maintenance  will  be  similar  to  Phase  I,  except  it  will  cost  more  be- 
cause of  more  maintenance  facilities  and  personnel  required  to  maintain  more 
and  larger  equipment. 

D.  Service  Roads  -  Mine  service  roads  are  inclusive  of  all  roads  except  main 
haul  roads.  These  service  roads  will  be  designed  and  constructed  according  to 
the  following  criteria:   (1)  conserving  fuel;  (2)  minimizing  traffic  conges- 
tion; (3)  safety;  (4)  maximizing  work  efficiencies;  and  (5)  minimizing  environ- 
mental impacts. 
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CHAPTER  4 
MAJOR  ALTERNATIVES  AND  SELECTION  RATIONALE 


This  chapter  summarizes  the  mining  methods  considered  for  the  development  of 
Tract  C-a  and  explains  why  an  open  pit  mine  was  chosen  as  the  mining  method  for 
both  Phase  I  and  Phase  II  operations.  The  chapter  summarizes  the  development 
scheme  and  methods  chosen  for  the  open  pit  operation.  The  reasons  for  selecting 
the  open  pit  site  in  the  northwest  part  of  Tract  C-a  are  discussed.  Also 
included  is  a  discussion  of  the  major  equipment  alternatives  considered  in  the 
development  and  operation  of  this  open  pit  mining  operation. 


4.1  MINING  METHODS  CONSIDERED 

A.  Alternatives  -  Of  the  wide  variety  of  mining  methods  that  have  been  applied 
to  the  exploitation  of  mineral  deposits,  several  are  worthy  of  consideration  as 
applicable  to  the  recovery  of  shale  oil  from  Tract  C-a.  Although  there  has 
been  no  significant  commercial  production  of  shale  oil  in  the  United  States, 
large  scale  experimental  efforts  have  centered  largely  around  the  underground 
room-and-pillar  approach.  Mine  production  from  such  efforts  has  been  carried 
on  in  conjunction  with  surface  retorts  by  the  U.  S.  Bureau  of  Mines  and  Mobil 
at  Anvil  Points  and  the  Colony  Development  Group  and  Union  on  Parachute  Creek. 

Although  none  of  the  experimental  oil  shale  mines  opened  to  date  has  used  an 
open  pit  mining  approach,  the  \/ery   thick  oil  shale  deposits  lying  close  to  the 
surface  on  Tract  C-a  lend  themselves  to  this  mining  method.  Despite  the  fact 
that  no  major  amounts  of  oil  shale  have  been  mined  in  open  pits,  the  technology 
of  this  method  has  been  highly  developed  especially  in  copper  and  iron  mining. 
Adaptation  of  the  approach  to  a  rock  with  the  physical  properties  of  oil  shale 
should  not  present  any  insurmountable  difficulties. 
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Because  the  shale  deposits  on  Tract  C-a  are  thick  and  rich,  several  underground 
mining  methods  developed  for  deposits  of  large  vertical  and  horizontal  extent 
suggest  themselves.  These  include  block  caving,  forced  caving,  and  sublevel 
stoping  among  others.  None  of  these  has  yet  been  applied  to  oil  shale  and  the 
uncertainties  connected  with  such  application  are  large.  Nonetheless  the  U.  S. 
Bureau  of  Mines  in  Report  No.  S0241974,  "A  Technical  and  Economic  Study  of 
Candidate  Underground  Mining  Systems  for  Deep,  Thick  Oil  Shale  Deposits", 
addresses  in  detail  the  adaptation  of  these  methods.  A  U.  S.  Bureau  of  Mines 
experiment  in  the  application  of  one  or  more  of  these  methods  is  proposed  about 
nine  miles  east  of  Tract  C-a. 

The  idea  of  extracting  shale  oil  from  the  rock  without  mining  it  is  an  old  and 
appealing  one.  Oil  shale  tends  to  have  very  low  porosity  and  its  permeability 
is  only  along  fractures.  The  success  of  any  method  of  retorting  the  shale  in 
the  ground,  therefore,  is  dependent  either  on  abundant  natural  fractures  or  on 
a  method  of  producing  such  fracturing  artificially.  The  two  broad  divisions  of 
in  situ  technology  encompass  methods  in  which  retorting  is  accomplished  from 
the  surface  through  bore  holes  and  alternatively  "modified  in  situ"  in  which 
fracturing  is  accomplished  by  mining  part  of  the  material  underground.  Experi- 
mentation in  bore  hole  in  situ  methods  in  Green  River  oil  shale  has  been  carried 
on  by  the  U.  S.  Bureau  of  Mines,  Equity  Oil  Co.,  Shell,  and  Sinclair  (now 
ARCO).  No  indications  of  success  are  evident.  One  experiment  in  the  modified 
in  situ  approach  is  underway  by  Occidental  Oil  Shale  near  De  Beque,  Colorado, 
and  another  is  in  planning  by  Westco  for  a  Utah  site.  No  conclusive  results 
have  yet  been  released  by  Occidental. 

Because  of  interest  on  the  bonus  payments,  time  constraints  imposed  by  the 
lease,  and  the  magnitude  of  the  financial  risk  involved,  the  management  of  the 
Rio  Blanco  Oil  Shale  Project  have  elected  to  consider  in  detail  only  those 
mining  options  for  which  the  technology  has  been  developed  to  an  acceptable 
degree.  At  the  present  these  are  the  underground  room-and-pillar  and  the  open 
pit  mining  methods.  However,  both  Gulf  and  Standard  are  participants  in  the 
Westco  modified  in  situ  experiment  and  both  companies  are  committed  to  pursue 
any  mining  approach  which  offers  a  clear  economic  and  technologic  advantage 
without  excessive  environmental  damage. 
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B.  Underground  Room-and-Pil lar  -  A  Phase  I  underground  mine  in  the  northwest 
corner  of  Tract  C-a  was  investigated  as  one  of  the  possible  mining  methods  to 
use  in  the  development  of  the  oil  shale  resource.  It  would  be  a  conventional 
panel  and  entry  system  with  room-and-pillar  mining  in  the  panel.  All  of  the 
mining  would  occur  within  the  Mahogany  zone.  The  proposed  access  to  the  under- 
ground workings  would  be  through  a  10°  decline  with  the  portal  located  on  the 
south  side  of  Dry  Fork  Gulch  in  the  north  central  part  of  the  tract.  The  mine 
would  have  a  multi-entry  system  to  allow  equipment  access  to  the  mining  panels 
and  to  provide  a  sufficient  cross  sectional  area  for  ventilation  air-flow.  The 
entries  would  be  about  60  feet  wide  by  30  feet  high.  The  production  panels 
would  be  about  900  feet  wide  by  1900  feet  long,  and  the  rooms  within  the  panels 
would  be  about  60  feet  wide  by  60  feet  high  with  60-foot  square  pillars.  This 
mining  scheme  would  provide  a  stable  and  safe  working  area  with  about  a  60%  ore 
recovery  (75%  recovery  within  the  panels)  within  the  mining  zone.  These  recoveries 
are  predicated  on  rooms  remaining  open  permanentaly  and  reflect  only  the  percent 
extraction  between  the  floor  and  roof. 

Primary  crushing  would  be  located  underground  with  a  conveyor  belt  up  the 
decline  carrying  the  crushed  ore  from  the  crusher  to  the  surface.  The  under- 
ground workings  would  also  house  the  shop,  service  and  warehouse  facilities. 
Rotary  drill  jumbos  would  drill  the  ore  in  preparation  for  blasting.  Front-end 
loaders  of  15-cy  capacity  would  load  the  ore  into  85-ton  rear-dump  trucks  for 
transporting  to  the  primary  crusher. 

C.  Open  Pit  -  The  Phase  I  open  pit  mine  is  proposed  in  Dry  Fork  in  the  north- 
west corner  of  the  tract;  it  would  be  a  conventional  open  pit  mine  with  a 
truck-shovel  operation.  Primary  crushing  and  ore  conveying  would  be  located 
outside  the  pit  near  the  east  perimeter  in  Dry  Fork.  Overburden  and  waste 
would  be  truck  hauled  from  the  pit  to  an  off-tract  disposal  site  on  84  Mesa. 
The  major  mining  equipment  employed  in  the  pit  would  be  13-cy  electric  loading 
shovels,  85-ton  rear-dump  haul  trucks  and  a  large  rotary  blast-hole  drill.  The 
open  pit  mine  would  require  about  one  year  of  a  pre-stripping  operation  before 
ore  production  could  start. 
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4.2  MINING  METHOD  SELECTED 

A.  Phase  II 

1.  Resource  Recovery  -  An  important  reason  for  selecting  an  open  pit  method  to 
perform  large-scale  mining  on  Tract  C-a  is  the  greater  resource  recovery.  The 
ultimate  open  pit  mine  recovers  a  much  higher  percentage  of  the  tract  resource 
than  does  an  underground  room-and-pillar  operation  (65%  versus  14%).  Conservation 
of  the  resource  means  an  open  pit  operation  would  continue  to  operate  for  a 
number  of  years  after  an  underground  room-and-pillar  operation  had  mined  the 
available  ore  within  the  richer  zones  appropriate  to  the  method.  This  higher 
recovery  would  also  permit  a  higher  annual  production  rate  from  the  open  pit, 
thereby  allowing  more  barrels  of  oil  to  be  recovered  in  a  unit  of  time. 

2.  Economics  -  The  unit  costs  per  ton  of  excavating  and  transporting 
material  in  large,  modern  open  pit  mines  are  typically  much  lower  than  those 
for  material  from  large,  modern  underground  mines.  However,  for  mining  oil 
shale  on  Tract  C-a,  since  the  grade  of  the  material  produced  from  an  under- 
ground mine  would  be  higher  and  after  the  shaft  was  sunk,  no  waste  would  be 
mined,  the  total  costs  and  therefore  profitability  per  barrel  for  mining  and 
retorting  are  quite  close  for  the  two  methods,  assuming  the  accuracy  of  our 
projections.  The  economic  uncertainties  of  the  projections  for  underground 
mining  are  probably  greater  than  those  for  surface  mining  methods.  As  might  be 
expected,  the  economics  of  open  pit  mining  projections  tend  to  improve  with 
higher  production  rates  more  so  than  do  those  for  underground  methods. 

3.  Environmental  Considerations  -  The  salient  direct  environmental  effects 
from  open  pit  mining  will  be  those  associated  with  noise,  air  and  water  quality 
degradation,  and  land  disturbance.  Judicious  equipment  selection  and  utiliza- 
tion, selected  blasting  procedures  and  employment  of  environmental  quality 
control  equipment  will  minimize  the  impact  of  mining  operations  on  the  environment, 
Waste  dumps  will  be  reclaimed  through  contouring  and  revegetation.  These  sub- 
jects are  addressed  in  more  detail  in  Section  9. 
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An  environmental  advantage  of  large  scale  open  pit  mining  as  proposed  at  Tract 
C-a,  is  that  a  very  large  quantity  of  energy  can  be  extracted  from  a  relatively 
small  land  area.  The  energy  recoverable  from  an  acre  of  Tract  C-a  is  roughly 
15  times  that  recoverable  from  an  acre  of  a  12-foot  seam  of  good  quality  coal. 
Thirty  years  of  production  at  a  nominal  56,000  barrels  per  day  requires  only 
750  acres  of  pit,  a  roughly  circular  area  some  6,300  feet  in  diameter.  By 
contrast  an  underground  oil  shale  mine  or  any  type  of  coal  mine  would  impact  an 
area  much  larger  than  this  to  achieve  an  equivalent  production.  Adverse  environ- 
mental effects  for  a  given  quantity  of  energy  production  can  thus  be  localized 
by  the  open  pit  mining  approach  to  shale  oil  production. 

Archaeological  aspects  would  include  archaeological  research  and  investigations 
of  the  affected  areas  prior  to  commencement  of  mining  with  an  archaeological 
awareness  program  for  all  mine  operations  personnel  in  order  to  minimize  loss 
or  destruction  of  archaeological  features.  In  general,  an  underground  room- 
and-pillar  operation  would  have  less  impact  on  the  environment  because  of  fewer 
surface  areas  disturbed.  This  point  favors  the  underground  operation,  but 
proper  controls  on  an  open  pit  operation  can  minimize  its  impact  and  provide  an 
operation  compatible  with  environmental  concerns. 

4.  Technical  Feasibility  -  The  use  of  large  shovels  and  haul  trucks  is  a 
time-tested  and  well -developed  technique  employed  in  large-scale  surface  mining. 
Similarly,  the  procedure  of  crushing  rock  and  conveying  the  crushed  rock  via 
overland  conveyors  is  a  proven  and  reliable  material -handling  technique. 
Underground  room-and-pillar  mining  methods  are  also  proved  in  oil  shale  mining 
as  they  have  been  used  in  other  operations.  Both  mining  methods  are  technically 
sound  and  could  be  used  to  exploit  the  tract;  therefore,  both  methods  are 
considered  technically  feasible. 

5.  Safety  Hazards  and  Other  Factors  -  The  operational  safety  hazards 
presented  in  a  large  open  pit  mine  are  somewhat  less  than  those  in  underground 
room-and-pillar  mines  according  to  accident  statistics.  Several  safety  hazards 
are  common  to  both  types  of  mines  and  include  truck  accidents,  premature  de- 
tonation of  explosives,  personnel  inadvertently  entering  the  shot  area  at  time 
of  a  planned  blast,  electrocution  and  "fall  of  man"  from  high  working  areas.  In 
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an  open  pit  mine,  rock  falls  varying  from  minor  to  massive  slope  failure  present 
a  potential  safety  hazard.  In  an  underground  mine,  roof  failure  is  always  a 
possible  hazard.  Another  possible  hazard  in  an  underground  oil  shale  mine 
would  be  the  presence  of  large  quantities  of  methane  gas.  This  would  force  the 
use  of  special  equipment  and  allied  features  required  of  gassy  mines  that  would 
increase  costs  and  reduce  productivity  in  underground  mining,  making  the  open 
pit  even  more  economically  attractive. 

Another  factor  to  consider  is  the  expansion  of  the  mining  operation  to  ore 
production  rates  exceeding  100,000  tons  per  day.  Open  pit  mines  can  readily 
produce  tonnages  in  this  range,  but  scheduling  of  production  in  an  underground 
room-and-pillar  mine  would  be  very  difficult. 

B.   Phase  I 


1.  Resource  Recovery  -  An  open  pit  mine  would  recover  100%  of  the  oil 
shale  mined  within  a  particular  zone.  An  underground  room-and-pillar  mine  will 
only  recovery  about  60%  of  the  oil  shale  within  a  particular  zone.  For  such  a 
small  scale  mining  operation  as  Phase  I,  this  means  less  resource  distrubed  to 
producd  a  given  quantity  of  material. 

2.  Economics  -  A  Phase  I  open  pit  mine  has  a  lower  total  cost  for  a  6- 
year  production  life  than  does  an  underground  mine.  The  underground  mine  would 
produce  oil  shale  of  a  higher  grade  thereby  producing  more  revenue  which  would 
tend  to  make  it  more  profitable  than  an  open  pit.  The  economic  disadvantage  of 
the  underground  mine  is  in  converting  it  to  an  open  pit  operation  of  higher 
tonnage  at  the  end  of  Phase  I.  This  requires  prestripping  the  ore  which  would 
already  have  been  done  in  a  Phase  I  open  pit.  The  expansion  of  an  existing 
open  pit  is  more  economical  than  the  creation  of  a  new  open  pit. 

3.  Environmental  Considerations  -  Open  pit  mine  operations  would  present 
more  areas  of  environmental  concern  in  Phase  I  than  underground  mine  operations. 
Proper  control  of  the  mining  operation  can  minimize  environmental  impact  and 
provide  an  operation  compatible  with  environmental  concerns. 
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4.  Technical  Feasibility  -  This  is  equal  in  Phases  and  I  and  II  for  the 
reasons  previously  discussed. 

5.  Contingencies  and  Other  Factors  -  This  is  the  same  for  Phases  I  and  II 
as  previously  discussed. 


4.3  GENERAL  EQUIPMENT  SELECTION 

The  equiment  selected  for  primary  crushing,  material  transportation  and  material 
storage  was  based  on  the  evaluation  of  alternatives.  Alternatives  were  compared 
on  the  strength  of  their  relative  technical  and  economic  feasibility.  The 
following  major  equipment  comparisons  were  made. 

A.  Truck  versus  Conveyor  Haulage  -  To  select  a  viable  method  of  transportation 
for  oil  shale,  sub-ore  and  overburden,  large  haulage  units  and  belt  conveyors 
were  considered.  For  Phase  I  operations,  economics  indicated  that  ROM  over- 
burden and  sub-ore  should  be  transported  to  the  disposal  site  by  truck  and  that 
oil  shale  should  be  transported  to  the  plant  site  by  belt  conveyor  for  the 
following  reasons: 

•  ROM  sizes  of  overburden  and  sub-ore  can  be  placed  in  disposal  piles. 

•  Capital  and  operating  costs  for  crushing  ROM  overburden  and  sub-ore, 
to  enable  overland  belt  conveying,  are  not  offset  by  decreased  truck- 
haulage  costs  to  the  crusher. 

t    Quantities  of  ROM  overburden  and  sub-ore,  transported  to  disposal, 
are  not  sufficient  to  economically  justify  belt-conveyor  transport. 

t    ROM  oil  shale  requires  two-stage  size  reduction  to  provide  retort 
feedstock  size. 

•  Locating  primary  crushing  facilities  for  oil  shale  near  the  mine 

site,  reduces  ROM  truck-haulage  distance  and  provides  economic  justifica- 
tion for  overland  belt-conveyor  transportation  of  primary  crushed 
ore. 
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For  Phase  II  operations,  belt-conveyors  transport  systems  will  be  employed  to 
handle  crushed  oil  shale,  overburden  and  sub-ore.  In  each  case,  economics 
indicate  a  savings  will  be  realized  by  crushing  and  belt-conveying  materials 
for  the  following  reasons: 

t   Capital  and  Operating  costs  for  crushing  ROM  overburden  and  sub-ore 
in  or  near  the  pit  to  enable  overland  belt  conveying,  are  offset  by 
decreased  truck-haulage  costs  to  the  crusher.  Ore  can  be  raised  from 
a  deep  pit  more  cheaply  by  conveyor  than  by  truck. 

•  Quantities  of  ROM  overburden  and  sub-ore,  transported  to  disposal, 
are  sufficient  to  economically  justify  belt-conveyor  transport. 

•  ROM  oil  shale  requires  two-stage  size  reduction  to  provide  retort 
feedstock  size. 

t    Locating  primary  crushing  facilities  for  oil  shale,  overburden  and 
sub-ore  contiguous  to  the  pit,  reduces  ROM  truck-haulage  distances 
and  provides  economic  justification  for  overland  belt-conveyor  trans- 
portation of  primary  crushed  materials. 

B.  Primary  Crushing  -  To  select  primary  crushers  for  for  Phase  I  and  Phase  II 
operations,  a  technical  and  economical  evaluation  was  performed  of  impact-type, 
gyratory,  jaw,  feeder-breaker  and  roll  crushers. 

•  Impact-Type  Crusher  -  Test  results  indicate  a  large  impact-type 
crusher  will  provide  a  30:1  size  reduction  and  will  crush  2500  TPH  of 
oil  shale,  overburden  or  sub-ore.  The  feed  opening  is  sufficient  to 
accept  ROM  sizes  contemplated.  The  crusher  will  produce  a  desirable 
product.  High  operating  and  maintenance  costs  are  offset  by  low 
initial  capital  cost. 

•  Gyratory  Crusher  -  Test  results  indicate  a  large  gyratory  crusher 
will  provide  a  10:1  size  reduction  and  will  crush  quantities  approach- 
ing 8000  TPH.  Actual  throughput  can  only  be  estimated  as  tests  were 
of  short  duration.  This  type  of  crusher  is  best  suited  for  size  re- 
duction of  ROM  materials  because  it  has  the  largest  feed  opening.  The 
costs  of  the  crusher  installation  are  high,  but  are  offset  by  low 
operating  and  maintenance  costs. 


4-4-8 


•  Jaw  Crusher  -  A  large  jaw  crusher  will  provide  an  8:1  size  reduction 
and  will  crush  quantities  of  ROM  materials  approaching  1000  TPH. 
Throughput  is  limited  by  the  inherent  progressive  crushing  action. 

•  Feeder-Breaker  -  A  large  feeder-breaker,  capable  of  crushing  large 
quantities  of  ROM  materials  from  an  open  pit  mine,  has  not  been 
built.  Crushing  tests  employing  present  designs  have  been  performed 
on  small  quantities  of  ROM  materials  from  an  underground  mine,  and 
the  results  indicate  a  3:1  size  reduction  and  a  throughput  of  750  TPH 
may  be  obtainable. 

•  Roll  Crusher  -  A  large  tooth-type,  single-roll  crusher  will  provide 
an  8:1  size  reduction  and  will  crush  quantities  of  ROM  material  ap- 
proaching 2000  TPH.  The  capability  of  this  equipment  to  crush  oil 
shale  was  confirmed  by  tests  run  at  the  Anvil  Points  Research  Center 
by  the  Colorado  School  of  Mines  in  the  late  1960's  using  this  type  of 
crusher  on  ROM  oil  shale  from  underground  operations.  However,  the 
size  of  large  pieces  of  ROM  from  an  open  pit  mining  operation  will  be 
larger  than  the  minus  60-inch  material  tested.  This  presents  some 
unanswered  questions  relative  to  the  performance  of  these  machines  in 
an  open  pit  operation. 

Based  on  economic  evaluations  and  pertinent  data  presented  above,  an  impact 
crusher  was  selected  for  Phase  I,  and  gyratory  crushers  were  selected  for  Phase 
II. 

C.  Overland  Transport  Belt  Conveyors  -  To  select  an  overland  conveyor  design 
for  use  in  Phase  I  and  Phase  II  operations,  three  designs  were  evaluated. 

Comparisons  were  made  on  the  basis  of  technical  and  economic  feasibility  of  a 
belt-conveyor  design  using  continuous  steel  channel  sections  for  idler  support, 
a  belt-conveyor  design  using  wire  rope  support  for  idlers  and  an  English  cable 
belt  design. 

The  cable  belt  design  was  rejected  because  of  questionable  availability  of 
parts  and  service.  It  is  a  technically  sound  alternative  and  deserves  more 
study  in  the  future. 
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The  belt-conveyor  design,  using  wire  rope  support  for  idlers,  was  selected 
because  it  is  a  more  economical  installation.  Design  minimizes  the  required 
number  of  ground  support  points,  thus  reducing  structural  and  foundation  costs. 

D.  Primary  Crushed  Oil  Shale  Storage  -  The  basic  design  of  storage  and  reclaim- 
ing facilities  for  100,000  tons  of  primary  crushed  oil  shale  for  Phase  I  opera- 
tions was  developed  on  the  basis  of  capital  and  operating  economics. 

Because  the  method  of  reclaiming  is  dictated  by  the  configuration  of  the  storage 
pile,  the  economic  analysis  performed  included  costs  for  stacking  the  pile,  as 
well  as  costs  for  reclaiming  material  from  the  pile.  Economics  are  affected, 
in  all  cases,  by  the  quantity  of  material  which  must  be  rehandled  by  auxiliary 
equipment.  A  large  conical  pile,  containing  100,000  tons  of  material,  satisfies 
economic  parameters. 

Alternatives  considered  prior  to  final  selection  of  the  large  conical  pile  and 
dual -tunnel  reclaim  system  included  the  following: 

•  A  single  conical  pile  containing  less  material  and  using  dual  reclaim 
tunnels. 

•  Two  smaller  conical  piles  using  a  single  reclaim  tunnel. 

•  A  triangular-shaped,  windrow  pile  using  a  long  reclaim  tunnel  located 
on  the  pile  centerline. 

Such  approaches  as  total  rehandling  by  auxiliary  equipment  and  surface  reclaim- 
ing machinery  were  quickly  discarded  as  unfeasible  because  capital  or  operating 
cost  could  not  be  justified  based  on  the  quantity  of  material  stored  and  the 
reclaiming  rates  required. 

The  basic  design  of  storage  and  reclaiming  facilities  for  600,000  tons  of 
primary  crushed  oil  shale  for  Phase  II  operations  was  developed  based  on  environ- 
mental factors  and  capital  and  operating  economics. 

Because  the  method  of  reclaiming  is  dictated  by  the  configuration  of  the  storage 
facilities,  the  economic  analysis  performed  included  costs  for  stacking  the 
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pile  as  well  as  those  for  reclaiming  material.  Economics  are  affected,  in  all 
cases,  by  the  quantity  of  material  which  must  be  rehandled  by  auxiliary  equipment 
Two  300,000-ton  capacity,  elongated  windrow-shaped  piles,  stacked  by  a  swinging 
boom  stacker  and  reclaimed  by  a  crawler-mounted  bucket-wheel,  satisfy  the 
economic  parameters  and  environmental  factors. 

Alternatives  considered  prior  to  final  selection  of  the  two  elongated  windrow- 
shaped  piles,  utilizing  the  stacker  and  crawler-mounted  bucket-wheel  system 
included  the  following: 

•  A  single  windrow  pile  using  a  fixed  boom  stacker  and  tunnel  or  bucket- 
wheel  reclaim. 

•  A  single  windrow  pile  using  a  traveling  tripper  and  tunnel  or  bucket- 
wheel  reclaim. 

0   A  double  windrow  pile  using  a  stacker  with  two  fixed  booms  and  tunnel 
or  bucket-wheel  reclaim. 


4.4  DEVELOPMENT  SCHEME  AND  METHODS  SELECTED 

A.  Methods  Considered  -  Surface  mining  methods  encompass  a  number  of  unit 
operations  that  are  mutually  interrelated.  The  three  primary  unit  operations 
that  were  evaluated  are: 

•  Breaking 

•  Loading 
t    Hauling 

Within  each  of  these  unit  operations,  several  methods  of  development  were 
considered. 

The  conventional  method  of  breaking  used  in  most  open  pit  mines  is  blasting. 
However,  recent  economic  trends  have  increased  the  unit  cost  of  drilling 
and  blasting.  This  fact,  coupled  with  the  development  of  powerful  tractors  and 
special  steels  for  ripping  implements,  have  proved  ripping  to  be  a  competitive 
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means  of  breaking  rock  where  rock  strength  allows  it.  Shallow  fragmentation  of 
the  surface  is  characteristic  of  the  ripping  technique  and  requires  the  use  of 
scrapers  for  excavating  the  fragmented  material. 

The  application  of  ripping  is  dependent  upon  many  parameters  related  to  materi- 
al characteristics,  equipment  availability  and  project  economics.  Therefore, 
the  ripping-scraper  combination  was  not  selected  due  to  high  operating  costs 
resulting  from  very   long  scraper  hauls  and,  in  general,  the  "marginal  rippabi- 
lity"  category  of  the  rock  structures  within  the  planned  mine  areas.   It  appears 
probable  that  richer  oil  shales  will  not  rip  to  any  significant  depth  with 
existing  equipment. 

Conventional  open  pit  methods  used  in  the  loading  operation  utilize  a  unit  that 
loads  the  mined  material  into  haulage  units.  The  major  excavating  units  are: 

Mining  shovels 

Draglines 

Bucket-wheel  excavators 

Scrapers 

Front-end  loaders 

The  dragline  and  bucket-wheel  excavators  were  rejected  as  unsuitable  for  the 
digging  geometry  and  rock  properties  encountered.  The  scraper  was  not  selected 
because  its  economic  haul  distance  is  about  one  mile  and  the  rippability  of  the 
rock  is  very  questionable.  The  front-end  loader  was  not  selected  as  the  primary 
loading  unit  because  its  cost  per  unit  material  mined  is  higher  than  that  for  a 
shovel,  and  its  productivity  is  lower  than  that  for  a  shovel.  Historical  data 
indicate  the  mechanical  availability  for  the  frontend  loader  is  less  than  that 
for  the  mining  shovel;  however,  the  versatility  and  mobility  of  the  front-end 
loader  requires  that  it  be  available  for  secondary  and  standby  loading. 

The  third  unit  operation  evaluated  was  hauling.  The  conventional  methods 
employed  for  hauling  are: 
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t  Scrapers 

•  Train  (Rail  Haulage) 

•  Trucks 

t  Conveyors 

As  stated  previously,  scrapers  were  not  selected  due  to  an  economical  operating 
radius  of  about  one  mile  and  the  anticipated  rock  hardness.  Trains  were  elimi- 
nated because  of  high  initial  capital  investment  and  high  inflexibility  of  the 
mining  operation.  The  trucks  show  mobility,  flexibility  and  the  ability  to 
negotiate  steep  ramps.  Conveyors  are  high-volume,  long-distance,  low-unit-cost 
carriers.  They  are  inflexible  and  require  high  initial  capital  investment  and 
sized  crushed  material  for  good  belt  life.  See  the  General  Equipment  Selection 
part  of  this  chapter  for  a  discussion  on  the  selection  of  a  transportation 
system. 

B.  Method  Selected  -  The  mining  method  selected  for  Phase  II  is  a  conventional 
shovel -truck  operation  combined  with  the  conveyor  hauling  of  ore  to  processing. 
This  combination  provides  the  best  operating  unit  cost,  and  it  is  conformable 
in  a  smooth  and  coordinated  transition  from  a  Phase  I  to  a  Phase  II  mining 
operation.  Waste  will  be  hauled  to  the  dump  by  truck  during  Phase  I. 

The  Phase  II  mining  method  employs  the  conventional  shovel-truck  operation  to 
deliver  mined  material  to  in-pit  crushers,  or  crushers  located  near  the  pit 
perimeter.  The  crushed  material  is  then  conveyed  by  a  system  of  overland  belt 
conveyors,  which  distribute  it  to  processing  or  disposal.  This  operational 
scheme  greatly  reduces  the  disposal  haulage  costs  by  combining  the  advantages 
of  the  shovel -truck  operation  with  that  of  conveyor  haulage. 


4.5  MINE  SITE  SELECTION 

A.  Sites  Considered  -  Three  sites  were  considered  and  evaluated  in  the  selec- 
tion of  the  Phase  I  open  pit  mine  site.  They  were  designated  as  Dry  Fork, 
Confluence  and  Corral  Gulch.  The  respective  site  locations  are  shown  on  Figure 
4-4-1. 
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Figure'  4-4-1 
PHASE  I  ALTERNATE  PIT  LOCATIONS 
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B.  Site  Selected  -  The  main  criteria  for  the  selection  of  the  Phase  I  open  pit 
mine  site  was  to  minimize  the  initial  capital  investment  required  to  produce  a 
given  quantity  of  ore  grade  oil  shale.  The  second  critieria  was  to  minimize 
mine  operating  costs. 

The  Dry  Fork  site  was  selected  based  on  its  minimum  initial  capital  require- 
ment, low  stripping  ratio  and  acceptable  operating  costs. 
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CHAPTER  5 
MINE  DESIGN  PARAMETERS 


This  chapter  explains  in  some  detail  the  mine  design  parameters  not  discussed 
in  Chapter  3.  These  parameters  are  basically  support  functions,  but  constitute 
an  important  part  of  the  total  mine  design;  they  include  the  rock  mechanics, 
operational  and  environmental  considerations  used  in  the  design  of  the  open 
pit  mine.  The  chapter  also  discusses  the  economic  cutoffs  for  the  oil  shale 
mined  by  open  pit  methods  and  presents  a  brief  description  of  the  mineral 
inventory  of  the  entire  tract  and  the  resource  recovery  achieved  through  the 
various  phases  of  an  open  pit  operation. 


5.1  ROCK  MECHANICS 

An  extensive,  comprehensive  rock-mechanics  program  was  initiated  during  the 
exploration  phase  of  this  project  to  determine  the  rock  mechanics  parameters 
essential  for  mine  design.  Rock  mechanics  parameters  for  mine  design  were 
determined  primarily  by  laboratory  tests  of  core  from  G-S  core  holes  2-3,  4- 
5,  6,  11  and  15.  The  following  rock  properties,  considered  important  for  mine 
design,  were  obtained  from  testing  of  the  cores: 

Uniaxial  compressive  strength 

Modulus  of  elasticity 

Tensile  strength 

Angle  of  internal  friction 

Cohesion 

Rock  density 

Shear  strength 

Modulus  of  rupture 

Poisson's  ratio 
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Laboratory  test  results  for  uniaxial  compressive  strength,  tensile  strength, 
modulus  of  elasticity,  modulus  of  rupture  and  angle  of  internal  friction  were 
correlated  with  ore  grade,  irrespective  of  zone.  In  addition  to  these  analyses, 
the  test  results  from  core  only  from  the  Mahogany  zone  were  correlated  with 
ore  grade. 

Information  regarding  the  in  situ  rock  characteristics  was  obtained  from  sur- 
face geologic  mapping,  seisviewer  logs  and  core  logs  from  which  the  nature, 
number  and  orientation  of  major  joints  were  determined  to  the  extent  possible 
with  the  available  data.  The  in  situ  rock  stresses  were  utilized  from  pub- 
lished information  on  hydrofracture  tests  made  by  the  U.  S.  Geological  Survey 
in  pre-lease  drill  holes  CE  702  and  CE  703. 

All  available  geotechnical  data  were  analyzed  and  design  assumptions  made. 
From  these  design  assumptions  and  the  mining  laws  of  the  State  of  Colorado, 
the  allowable  open  pit  mine  slope  angles  were  established.  The  final  slope 
angle  of  45°  should  remain  stable  and  not  be  subject  to  massive  failure. 

A.  Rock  Strength  Parameters  -  Following  is  a  discussion  of  the  various  indivi- 
dual rock  strength  parameters  utilized  during  the  Phase  I  mine  studies. 

1.  Uniaxial  Compressive  Strength  -  The  uniaxial  compressive  strength  of 
oil  shale  has  been  shown  in  the  past  to  be  directly  related  to  oil  content. 
Compressive  strength  decreases  with  an  increase  in  oil  content.  It  is  noted 
that  compressive  strength,  irrespective  of  zone  on  Tract  C-a,  appears  to  be 
generally  lower  than  the  compressive  strength  of  the  Mahogany  zone  at  Anvil 
Points  and  Colony  Mines.  Also,  the  Mahogany  zone  compressive  strength  appears 
to  be  higher  than  in  the  case  where  all  zones  are  considered.  In  all  cases, 
compressive  strength  appears  to  become  constant  in  the  range  of  34  to  40  GPT. 

The  reason  for  the  apparent  difference  between  rock  strength  and  ore  grade  by 
zone  and  irrespective  of  zone  is  not  known.  The  difference  may  be  related  to 
the  detailed  mineralogy  of  the  various  mining  horizons  which  contain  varying 
amounts  of  nahcolite  and  dawsonite  as  well  as  various  clay  minerals.  The 
compressive  strength  values,  utilized  for  Phase  I  design  studies,  appear  to  be 
conservative. 
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A  comparison  of  oil  grade  and  compressive  strength  for  the  Mahogany  zone,  as 
well  as  for  all  possible  mine  zones  on  Tract  C-a  is  shown  in  Figure  4-5-1 
in  the  confidential  portion  of  this  report. 

2.  Modulus  of  Elasticity  -  The  modulus  of  elasticity  also  decreases  with 
increasing  oil  content  between  0  and  45  GPT.  The  modulus  of  elasticity  values 
for  Tract  C-a  were  plotted  irrespective  of  zone.  Sufficient  data  were  not 
available  for  determination  of  the  ore  grade-modulus  relationship  by  zone 
except  for  the  Mahogany  zone,  where  the  modulus  of  elasticity  tends  to  be 
higher  than  in  the  case  where  all  zones  are  considered. 

It  is  to  be  noted  that  the  modulus  of  elasticity  for  all  zones  within  Tract 
C-a  is  significantly  lower  in  the  low  oil  content  range  than  in  the  Mahogany 
zone  at  Anvil  Points.  The  reason  for  this  apparent  difference  is  not  known, 
but  as  in  the  case  of  the  compressive  strength,  the  difference  is  possibly 
related  to  mineralogy. 

A  comparison  of  oil  grade  and  modulus  of  elasticity  is  shown  in  Figure  4-5-2 
in  the  confidential  portion  of  this  report. 

3.  Tensile  Strength  -  Tensile  strength  was  determined  by  Brazilian  tests 
of  core  samples.  Tensile  strength  appears  to  increase  with  oil  content  between 
0  and  28  GPT.  At  approximately  28  GPT,  tensile  strength  values  become  almost 
constant. 

A  comparison  of  oil  grade  and  tensile  strength  is  shown  in  Figure  4-5-3  in 
the  confidential  portion  of  this  report. 

4.  Angle  of  Internal  Friction  -  Intact  Rock  -  Sufficient  data  are  avail- 
able to  correlate  oil  content  with  the  angle  of  internal  friction  for  intact 
rock  in  the  range  between  10  and  45  GPT.  This  angle  ranges  from  near  43°  at 
10  GPT  to  25°  at  45  GPT. 

A  comparison  of  oil  grade  and  angle  of  internal  friction  is  shown  in  Figure 
4-5-4  in  the  confidential  portion  of  this  report. 
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5.  Angle  of  Internal  Friction  -  Rock  Joints  -  Tests  on  rock  samples 
containing  planes  of  weakness  are  limited.  The  results  indicate  that  the 
strength  of  jointed  rock  is  quite  high,  possibly  in  the  general  range  of 
intact  or  unjointed  rock.  The  average  coefficient  of  sliding  friction,  as 
determined  from  test  results,  is  about  0.7  or  an  angle  of  internal  friction  of 
35°  for  both  open  and  sealed  joints. 

6.  Cohesion  -  The  limited  testing  of  Tract  C-a  rock  samples  containing 
sealed  joints  indicates  cohesion  may  average  about  250  psi. 

7.  Density  -  The  relation  between  oil  content  and  grain  density  has  been 
well  established  by  investigators  in  the  Piceance  Creek  basin.  The  best  known 
curve  for  oil  content-density  is  the  John  Ward  Smith  curve  developed  by  the 

U.  S.  Bureau  of  Mines.  From  density  determinations  of  Tract  C-a  core,  it  was 
found  that  a  modification  of  the  John  Ward  Smith  relationship  gave  a  better 
data  fit  to  Tract  C-a  conditions.  This  curve  is  covered  in  detail  in  the 
confidential  portion  of  Section  3,  Chapter  3. 

8.  Shear  Strength  -  No  definite  relationship  has  been  established  between 
oil  content  and  shear  strength  of  Tract  C-a  oil  shale.  Laboratory  test  values 
from  triaxial  tests  were  found  to  range  from  2505  to  3950  psi.  The  average 
value  from  direct  shear  tests  for  the  peak  shear  strength  of  intact  samples  is 
as  high  as  2350  psi.  The  shear  strength  parallel  to  the  stratification  in  oil 
shale  appears  to  be  higher  than  the  post  mining  lateral  stresses  present.  The 
average  residual  shear  strength  from  direct  shear  tests  on  intact  samples  is 
825  psi. 

9.  Modulus  of  Rupture  -  This  rock  strength  parameter  was  also  determined, 
although  it  was  not  used  directly  for  any  design  analysis  of  open  pit  mine 
slopes.  A  conservative  value  for  the  modulus  of  rupture  of  two  times  the 
tensile  strength  parallel  to  the  oil  shale  bedding  has  been  used  for  design. 
However,  on  Tract  C-a  the  modulus  of  rupture  has  proved  to  be  3  to  4  times  the 
tensile  strength. 
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A  comparison  of  oil  grade  and  modulus  of  rupture  is  shown  in  Figure  4-5-5 
in  the  confidential  portion  of  this  report. 

10.  Poisson's  Ratio  -  Testing  has  shown  Poisson's  ration  to  be  inde- 
pendent of  oil  content  and  highly  dependent  on  stress  levels  during  testing. 
Poisson's  ratios  were  also  determined  for  discrete  zones  within  the  mining 
sequence  for  use  in  finite  element  analysis  of  pit  slopes. 

11.  Dynamic  Elastic  Properties  -  The  above  properties  which  have  been 
established  for  oil  shale  are  all  static  properties.  In  order  to  determine  in 
situ  elastic  properties  utilizing  Birdwell  borehole  velocity  logs,  a  number  of 
dynamic  tests  were  performed  on  core  samples  to  establish  a  ratio  between  the 
static  and  dynamic  elastic  properties.  The  ratio  of  static  to  dynamic  modulus 
of  elasticity  generally  increases  with  depth,  and  the  ratio  of  static  to 
dynamic  Poisson's  ratio  generally  decreases  with  depth.  As  expected,  the 
dynamic  elastic  constants  are  greater  than  the  static  elastic  constants.  Where 
no  in  situ  measurements  were  available,  the  in  situ  static  modulus  of  elasticity 
and  Poisson's  ratio  we 
for  the  Mahogany  zone. 


and  Poisson's  ratio  were  assumed  to  be  0.43  x  10  psi  and  0.37  respectively, 


B.  Analytical  Methods  -  Initially,  the  structural  geology  of  the  tract  was 
reviewed  to  determine  the  relationship  between  major  structural  features  and 
each  possible  open  pit  mine  location.  The  major  structural  features  include 
the  Sulfur  Creek  anticline  and  the  three  major  grabens  which  trend  northwest- 
ward across  the  tract.  Additional  subsidiary  faulting  and  folding  have  been 
mapped  in  the  northern  portion  of  the  tract.  For  all  studies  to  date,  all 
surface  faults  have  been  assumed  vertical.  The  displacements  on  each  fault  as 
observed  at  the  surface  were  assumed  to  extend  through  the  entire  depth  of  the 
ore  body. 

The  geologic  structure  of  the  tract  is  related  to  the  in  situ  stress  present 
within  the  Piceance  Creek  basin.  During  a  study  of  the  ground  water  hydrology 
in  the  northern  portion  of  the  basin,  the  USGS  determined  the  regional  state 
of  tectonic  stress  in  Tract  C-a.  From  hydraulic  fracturing  experiments,  it 
was  determined  that  the  primary  horizontal  stress  is  acting  in  a  N75°W  to 
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S75°E  direction  and  the  secondary  horizontal  stress  is  acting  N15°E  to  S15°W. 
The  magnitude  of  the  maximum  horizontal  stress  was  determined  to  be  equal  to 
0.95  of  the  overburden  stress. 

Other  structural  features  studied  throughout  the  tract  were  the  natural  rock 
joints.  Joints  were  mapped  at  42  outcrop  stations  across  the  tract.  The 
joint  set  data  were  evaluated  and  related  to  each  possible  open  pit  slope. 
Subsurface  joints  defined  by  Birdwell  seisviewer  logs  were  also  reviewed  and 
related  to  possible  pit  slopes.  Critical  joints  to  slope  stability  were 
determined  to  be  those  which  strike  approximately  parallel  to  the  pit  slopes 
and  dip  toward  the  pit  at  angles  less  than  60°.  Faults,  bedding  planes  and 
critical  joints  mapped  in  surface  exploration,  as  well  as  information  obtained 
from  drill  hole  logs,  were  all  used  to  determine  potential  failure  surfaces  in 
the  Phase  I  and  Phase  II  open  pit  mining  schemes. 

The  Phase  I  pit  was  analyzed  for  pit  slope  stability  using  pit  slopes  of  35°, 
45°  and  60°.  For  the  overall  slope,  mine  benches  were  ignored.  A  separate 
analysis  was  made  to  examine  the  stability  of  the  benches  including  considera- 
tion of  dynamic  loads  due  to  blasting.  Combinations  of  joints,  faults  and 
bedding  planes  were  evaluated  to  determine  where  failure  was  kinematically 
possible.  Since  the  shear  strength  of  the  intact  oil  shale  measured  in  the 
laboratory  was  high,  it  was  assumed  that  failure  would  occur  along  a  combina- 
tion of  bedding  plane  joints  and  high-angle  joints  or  fractures. 

A  summary  of  the  anlytical  methods  used  for  the  study  of  stability  of  final 
pit  slopes  and  working  benches  included  the  following: 

t    Finite  element  analyses  of  pit  slopes  at  various  slope  angles  and 
pit  depths  to  determine  the  possibility  of  massive  failure  through 
the  rock  mass,  irrespective  of  natural  planes  of  weakness. 

•  Limiting  equilibrium  analyses  applying  stresses  determined  from  the 
above  finite  element  analyses. 

•  Limiting  equilibrium  analyses  utilizing  planes  of  weakness,  such  as 
joints,  along  which  failure  is  kinematically  possible.  Planes  of 
weakness  that  are  potentially  unstable  were  determined  from  surface 
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mapping  of  joints,  seisviewer  logs  of  subsurface  joints  and  study  of 
core  description  logs. 

•  Limiting  equilibrium  method  applying  forces  to  simulate  the  effects 
of  blasting  on  slope  stability. 

C.  Design  Assumptions  -  Several  design  assumptions,  which  have  been  made  from 
the  previously  mentioned  studies,  were  governed  by  past  experience,  geologic 
information,  rock-mechanics  data  and  operational  considerations.  These  design 
assumptions  are  listed  below: 

•  Mine  slopes  will  be  dewatered  as  much  as  possible  as  the  mine  pro- 
gresses, to  prevent  excessive  ground  water  inflows  under  high  pres- 
sure that  might  critically  endanger  the  stability  of  slopes. 

t    Certain  joint  sets  provide  potential  planes  of  weakness  along  which 
failure  could  occur. 

•  Final  pit  slopes  will  be  about  45°. 

t    Faults  extend  vertically  through  the  ore  body. 

0   An  unmined  distance  of  500  feet  will  be  maintained  between  property 
boundaries  and  final  pit  crest  for  the  Phase  II  open  pit  mine;  this 
500-foot  distance  will  be  sufficient  to  prevent  a  major  slope  failure 
from  encroaching  beyond  tract  boundaries  and  also  will  provide 
adequate  working  room  to  steepen  final  slopes  when  desired. 

t    The  safety  benches  on  the  ultimate  pit  slope  will  be  100  feet  apart 
vertically  and  50  feet  wide,  with  a  face  angle  of  70°  (see  Figure  4- 
3-9). 

•  Inactive  working  benches  will  be  50  feet  high  and  50  feet  wide  with 
a  slope  angle  of  70°  (see  Figure  4-3-7). 

D.  Allowable  Slope  Angles  -  On  the  southwestern  slope  of  the  Phase  I  pit, 
widely  spaced  joints  dipping  48°  into  the  pit  were  analyzed.  In  the  eastern 
slope  of  the  Phase  II  pit,  widely  spaced  joints  dipping  25°  to  30°  into  the 

pit  were  found  to  be  potentially  the  most  critical.  Stability  analyses  indicate 
that  a  cohesive  strength  of  approximately  123  psi  will  be  required  to  protect 
the  slope  against  failure,  assuming  that  the  angle  of  internal  friction  on 
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joints  dipping  into  the  pit  is  zero.  Results  of  laboratory  tests  show  that 

joint  strength  parameters  of  at  least  250  psi  cohesion  and  30°  angles  of 

internal  friction  on  joints  can  be  expected.  Therefore,  it  appears  that  a  45° 

final  slope  for  both  the  Phase  I  and  Phase  II  open  pit  mines  will  not  be 
subject  to  massive  failure. 

Analyses  indicate  that  cohesive  strength  of  only  12  psi  would  be  required  to 
prevent  failure  of  working  benches  along  unfavorably  oriented  joints,  assuming 
that  the  angle  of  internal  friction  on  these  joints  is  zero.  Therefore, 
working  slopes  should  not  be  subject  to  failures  that  would  be  critical  to 
mining  operations. 

A  program  of  slope  stability  monitoring  will  be  initiated  as  the  open  pit 
mining  begins.  The  purpose  of  this  program  will  be  to  determine  the  perfor- 
mance of  the  slopes  and  provide  a  measure  of  safety  to  men  and  equipment 
working  in  the  pit.  The  program  will  include  detailed  structural  geologic 
mapping  of  the  pit  slopes  as  they  are   excavated  during  stripping  and  produc- 
tion mining.  Around  the  crest  of  the  pit,  particularly  where  high  slopes  will 
develop,  a  system  of  survey  points  will  be  established  and  precisely  surveyed 
by  conventional  surveying  methods  to  detect  any  horizontal  and/or  vertical 
movement.  Also  at  selected  points  around  the  pit,  depending  upon  the  analyses 
of  newly  exposed  geologic  structure,  slope  indicator  instrumentation  and/or 
multiple  position  wire  extensometers  will  be  installed  as  necessary  in  bore 
holes  to  monitor  pit  slope  movements  below  the  surface. 

In  the  Phase  I  pit,  few  stability  problems  are  anticipated;  however,  as  the 
Phase  I  pit  is  expanded  into  the  Phase  II  pit,  stability  will  become  a  greater 
concern.  The  larger  pit  slopes  will  intersect  the  large  displacement  faults 
of  the  northern  graben.  The  subsurface  rock  conditions  in  the  vicinity  of 
these  faults  are  not  fully  known  but  can  be  expected  to  be  tectonically  dis- 
turbed. Therefore,  as  mining  progresses,  a  continuing  program  of  detailed 
geologic  mapping,  geologic  structure  analysis  and  stability  analysis  will  be 
necessary  to  more  fully  ensure  safe  operating  conditions  below  the  slopes  and 
to  prevent  costly  mine  production  delays  due  to  slope  failures. 
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5.2  OPERATIONAL 

Interrelating  operational  plans  and  existing  conditions  contribute  jointly  in 
determining  many  of  those  parameters  that  are  used  to  develop  mine  designs. 
Existing  conditions  refer  to  orebody  location,  size  and  shape,  thickness  of 
overburden,  geology,  hydrology,  rock  strengths,  weather,  Federal  and  State 
regulations,  etc.,  while  operational  plans  refer  to  such  items  as  ore  pro- 
duction requirements,  chosen  mining  method,  equipment  types  and  sizes,  and  ore 
control . 

Anticipated  or  planned  operational  conditions,  in  part  or  totally,  precipitate 
the  following  mine  design  criteria: 

Working  slope  angle 

Bench  height 

Bench  width 

Bench  face  angle 

Bench  orientation 

Road  width 

Road  grade 

Road  route 

Safety  bench  placement 

General  explanations  of  the  preceding  criteria  is  presented  in  the  following: 

Working  Slope  Angle  -  A  working  slope  angle  is  the  acute  angle  measured  between 
an  imaginary  line  running  the  shortest  distance  from  a  point  on  the  pit  peri- 
meter to  a  point  at  the  toe  of  the  pit's  lowest  level,  and  a  horizontal  plane 
through  either  point.  The  working  slope  angle  is  a  function  of  many  factors 
including  ore  production  requirements,  equipment  types  and  sizes,  overburden 
thickness  and  orebody  configuration  and  therefore  its  determination  requires 
detailed  analysis  and  design  for  each  set  of  conditions. 

Bench  Height  -  Selection  of  the  proper  bench  height  for  a  given  mining  opera- 
tion is  dependent  on  several  factors  including  grade  control,  production 
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rates,  equipment  types  and  sizes,  and  State  and  Federal  regulations.  Lower 
bench  heights  provide  better  grade  control  while  higher  benches  provide  better 
equipment  operating  efficiencies.  As  a  result  of  detailed  engineering  studies, 
a  50-foot  bench  height  was  selected  for  both  Phase  I  and  II  mining  operations. 

Bench  Width  -  An  acceptable  bench  width  allows  for  the  efficient  operation  of 
mining  equipment  and  at  the  same  time  does  not  over-extend  stripping  require- 
ments. It  is  apparent  that  the  working  bench  width  is  the  most  significant 
factor  affecting  the  working  slope  angle.  A  bench  width  of  230  feet  was 
selected  for  a  Phase  I  operation.  No  bench  width  has  been  selected  for  Phase 
II  because  supporting  detailed  analysis  has  not  been  completed. 

Bench  Face  Angle  -  The  bench  face  angle  refers  to  the  angle  of  the  bench  face 
left  in  the  pit  wall  at  the  conclusion  of  mining  a  particular  bench.  This 
angle  defines  the  slope  between  safety  benches  and  is  established  by  the 
digging  characteristics  of  mining  equipment  and  proper  drilling  and  blasting 
procedures.  The  bench  face  angle  for  a  Phase  I  operation  was  set  at  70°; 
however,  no  bench  face  angle  has  been  established  for  Phase  II. 

Bench  Orientation  -  Bench  orientation  for  a  dipping  bedded  ore  deposit  can 
affect  the  mined  ore  grade  and  operating  efficiencies  of  mining  equipment.  If 
the  bench  is  oriented  with  the  dipping  deposit,  grade  dilution  will  be  minimized 
and  equipment  operating  efficiencies  will  be  lowered,  relative  to  effects  of  a 
horizontal  bench.  Present  plans  are  to  orient  the  Phase  I  and  II  benches 
horizontally;  however,  the  option  to  mine  with  the  dip  is  being  kept  open. 

Road  Width  -  Type  of  ore-waste  conveyance  determines  the  width  of  roads,  which 
in  turn  affect  mine  design  and  related  waste-ore  estimates.  The  wider  the 
road,  the  higher  the  stripping  ratio.  Truck  haulage  requires  a  wider  road 
than  does  conveyor  haulage.  The  Phase  I  pit  design  includes  a  100-foot  wide 
permanent  truck  haulage  road.  The  Phase  II  design  has  not  advanced  to  haulage 
roads. 

Road  Grade  -  Again  the  type  of  ore-waste  conveyances  determines  road  grade. 

It  is  recognized  that  as  the  road  grade  steepens,  the  stripping  ratio  decreases 
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for  any  given  pit  design.  Belt  conveyors  can  negotiate  a  steeper  incline  than 
trucks;  therefore,  a  pit  using  conveyors  would  require  less  waste  removal  than 
a  similar  sized  (ore  tons)  pit  using  trucks.  The  Phase  I  truck  haulage  road 
is  designed  with  a  maximum  grade  of  8%.  This  grade  satisfies  operating  specifi 
cations  advertised  by  truck  manufacturers. 

Road  Route  -  Road  routes  affect  equipment  efficiencies.  Well  planned  roads 
with  minimum  tight  curves  maximize  equipment  performance.  The  Phase  I  haulage 
road  will  loop  the  pit  and  will  have  no  switchbacks. 

Safety  Bench  Placement  -  The  location  and  width  of  safety  benches  has  a  direct 
effect  on  the  slope  angle—whether  it  is  a  final  slope  or  a  working  slope. 
Bench  heights  affect  safety  bench  placement.  The  vertical  distance  between 
safety  benches  and  also  their  widths  are  usually  governed  by  State  and  Federal 
regulations.  The  Phase  I  design  has  50-foot  wide  safety  benches  spaced  at 
100-foot  vertical  intervals  along  the  final  pit  wall. 


5.3  ENVIRONMENTAL 

A  number  of  major  environmental  considerations  have  been  included  in  designing 
the  open  pit  mine  and  facilities,  and  in  planning  the  mining  operation.  The 
major  factors  considered  were: 

Noise  control 
Air  quality  control 
Water  quality  control 
Land  rehabilitation 
Archaeological  protection 

Environmental-protective  measures  embodied  in  the  mine  plan  for  each  of  these 
topics  are  covered  in  detail  in  Section  9  -  Environmental  Protection,  Health 
and  Safety,  and  are  summarized  here. 
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Since  no  urban  development  is  foreseen  in  the  immediate  area  of  the  project, 
the  major  emphasis  in  noise  control  will  be  in  the  protection  of  workmen 
directly  associated  with  the  project.  To  this  end,  federal  and  state  regula- 
tions will  be  adhered  to  with  regard  to  providing  sound  insulating  construc- 
tion and  equipment  where  feasible,  and  in  limiting  exposure  elsewhere.  In 
addition,  noise-abatement  principles  will  be  generally  included  throughout 
project  design. 

A  significant  effort  and  an  extensive  system  have  been  incorporated  into  the 
mine  plan  for  the  allaying  and/or  collection  of  dust  created  by  the  mining- 
materials  handling  operation.  Basically,  RBOSP  plans  to  inhibit  dust  pro- 
duction as  necessary  during  drilling  and  loading  operations  by  the  use  of 
water  sprays.  Efforts  will  be  made  to  develop  blasting  techniques  which 
inhibit  dust  creation.  Dust  from  mine  roads  will  be  kept  to  acceptable  minimums 
by  spraying  with  water,  oil,  or  chemicals.  And  dust  generated  by  the  crushing, 
conveying,  and  stockpiling  of  ore  and  waste  will  be  controlled  by  a  system 
incorporating  enclosures,  dust  collection  and  sprays  as  necessary  to  keep  air- 
borne dust  to  acceptable  levels.  Dust  generation  in  the  waste  disposal  area 
will  be  minimized  by  spraying  and  timely  reclamation. 

Water  quality  control  related  to  mine  development  and  operation  will  be  effected 
in  several  basic  ways:  natural  runoff  will  be  either  impounded  or  diverted 
around  areas  impacted  by  development;  effluents  from  the  mine  and  waste  pile 
areas  will  be  impounded  and  either  used  in  the  mining  or  processing  operation 
or  allowed  to  evaporate;  and  surface  and  subsurface  water  quality  in  the  area 
impacted  by  the  project  will  be  continually  monitored. 

Land  rehabilitation  of  the  open  pit  area  created  by  Phase  I  and  Phase  II 
mining  is  considered  only  in  the  event  of  project  abandonment.  In  this  event, 
land  rehabilitation  would  envisage  partial  revegetation  of  mine  benches  and 
natural  creation  of  a  lake  in  the  pit  bottom.  After  some  30  to  40  years  of 
open  pit  mining,  backfilling  and  rehabilitation  of  worked  out  portions  of  the 
pit  is  anticipated  to  become  an  ongoing  part  of  the  mining  operation.  Full 
rehabilitation  of  all  waste  disposal  areas  is  an  integral  part  of  our  mining 
plans.  More  details  on  land  rehabilitation  may  be  found  in  Chapter  2  of 
Section  4  and  in  Section  7  of  the  Detailed  Development  Plan. 
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The  mining  plans  anticipate  that  archaeological  values  which  might  be  signifi- 
cantly damaged  by  mine  development  will  be  protected  in  accordance  with  the 
intent  of  the  National  Antiquities  Act  (see  Section  9,  Chapter  12). 


5.4  ECONOMIC  CUTOFFS 

That  grade  at  which  the  revenues  from  the  sale  of  the  product  recovered  equals 
all  costs  of  mining  and  processing  plus  a  stipulated  required  profit  is  the 
cutoff  grade.  Calculations  were  made  to  establish  a  cutoff  grade  for  open  pit 
mine  planning  on  Tract  C-a. 

A.  Mineral  Inventory  -  The  details  of  the  method  by  which  the  prime  mineral 
inventory  was  computed  are  given  in  the  confidential  material  from  Section  3, 
Chapter  3.4.  The  blocks  of  the  prime  mineral  inventory  are  100  feet  by  100 
feet  by  10  feet  thick.  The  horizontal  and  vertical  positions  of  all  such 
blocks  were  established  by  coordinates  and  by  elevation  above  sea  level.  The 
grade  and  tonnage  of  each  such  block  was  calculated  by  computer.  The  tonnage 
of  blocks  differs  because  of  the  relationship  of  grade  to  the  bulk  density  of 
the  rock. 

Open  pit  working  mineral  inventories  of  100-foot  square  blocks  in  horizontally 
oriented  benches  were  prepared  at  bench  thicknesses  of  30,  40  and  50  feet. 
Each  block  of  these  models  is  similarly  addressable  by  the  computer.  Horizontal 
bench  maps  and  suitable  cross  sections  of  the  50-foot  open  pit  mineral  inven- 
tory were  generated  by  plotter  for  "hand"  analysis  of  the  deposit. 

B.  Cutoff  Calculation  -  The  assumption  was  made  that  total  mine  economics 
were  determined  by  two  cutoff  grades,  a  "pit  floor"  cutoff  and  a  "pit  rim" 
cutoff.  The  "pit  floor"  cutoff  grade  contemplates  all  costs  of  mining  and 
moving  a  block  from  the  pit  floor  through  the  processing  plant,  including 
whatever  waste  has  to  be  mined  to  expose  it.  The  "pit  floor"  cutoff  is  the 
one  which  determines  the  pit  limits.  After  the  pit  limit  has  been  established 
interior  blocks  of  a  grade  less  than  the  pit  floor  cutoff  but  which  must  be 
mined  as  waste  to  expose  other  ore  blocks,  are  tested  against  a  "pit  rim" 
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cutoff.  In  this  test  the  costs  of  mining  and  raising  the  block  to  the  pit  rim 
are  disregarded  in  that  they  have  been  charged  to  the  ore  blocks  requiring 
their  removal.  The  cost  of  sending  such  a  block  to  waste  from  the  pit  rim  was 
compared  with  the  net  cost  of  sending  it  trough  processing,  allowing  for  both 
profit  and  an  adjusting  value  which  influenced  the  block  toward  the  waste 
dump.  By  application  of  this  lower  "pit  rim"  cutoff  grade  more  of  the  resource 
would  be  sent  through  processing  than  would  otherwise  be  the  case.  It  must  be 
born  in  mind  that  the  retort  processes  a  fixed  tonnage  per  day  and  a  ton  of 
lower  grade  material  treated  may  displace  a  ton  of  higher  grade  with  a  con- 
sequent adverse  effect  on  profitability. 

For  each  block  of  the  open  pit  working  mineral  inventory  a  projected  dollar 
figure  was  calculated  by  computer  reflecting  the  revenue  from  sale  of  snythetic 
crude  oil  from  that  block  less  the  costs  to  mine,  transport,  and  process  the 
block.  The  figure  calculated  might  be  positive  where  revenue  exceeds  costs 
and  negative  where  costs  exceed  revenues  or  where  blocks  contained  no  oil 
whatever.  These  figures,  referred  to  as  the  Economic  Dollar  File,  reflect  the 
position  of  the  block  relative  to  the  surface  (deeper  blocks  cost  more  to 
raise)  and  relative  to  the  processing  plant  at  the  north  edge  of  the  Tract 
(more  southerly  blocks  cost  more  than  do  northerly  blocks).  This  file  is  used 
in  all  computer  pit  economic  simulation. 
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CHAPTER  1 
INTRODUCTION 


Heat,  which  is  necessary  for  the  extraction  of  oil  from  shale,  travels  relatively 
slowly  through  solid  pieces  of  ore.  For  example,  it  may  take  several  days  for 
the  center  of  a  six-foot  block  of  ore  to  reach  retorting  temperature,  or  several 
hours  for  the  center  of  an  eight-inch  piece  of  ore  to  reach  this  same  temperature. 
Researchers  have  determined  that  cubes  smaller  than  about  three  inches  on  a 
side  are  best  for  surface  retorting  of  oil  shale.  Therefore,  secondary  and 
tertiary  crushing  equipment  are  included  for  the  development  of  Tract  C-a  to 
reduce  the  ore  size  from  6-8  inches  to  less  than  three  inches.  These  devices 
are  part  of  the  retort  feed  preparation  facility  for  Tract  C-a. 

Section  5  of  this  Detailed  Development  Plan  includes  a  description  of  the 
retort  feed  preparation  facilities.  These  facilities  include  not  only  the 
crushing  and  screening  equipment,  but  also  the  materials  transporting  equipment 
necessary  to  move  the  ore  from  the  primary  crushed  stockpile  to  the  retorting 
plants.  Also  included  are  discussions  of  the  atmospheric  emissions  control 
devices  needed  and  the  alternatives  reviewed  in  determining  the  plan  which  was 
finally  selected. 


1.1  PHASE  I 

The  retort  feed  preparation  facilities  for  Phase  I  -  Stage  1  are  designed  to 
provide  10,700  TPSD  of  minus  3/8-inch  crushed  oil  shale  for  one  TOSCO  II  retort. 
The  major  equipment  included  in  these  facilities  are  vibratory  pan  feeders 
underneath  the  primary  crushed  stockpile,  covered  conveyor  belts  for  transfer 
of  materials  from  one  location  to  another,  enclosed  secondary  crushing  and 
screening  equipment,  an  enclosed  10-hour  capacity  storage  bin,  and  an  open  24- 
hour  capacity  reserve  storage  pile.  All  of  these  facilities,  with  the  exception 
of  the  primary  ore  reclaim  facilities  and  the  open  storage  pile,  have  been 
designed  so  that  they  may  be  duplicated  exactly  for  Phase  I  -  Stage  2.  Stage  2 
construction  can  be  carried  out  without  interruption  to  Stage  1  operations. 
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Ideally,  long-term  crushing  tests  of  the  rock  in  question,  utilizing  equipment 
similar  to  that  being  considered,  would  lead  to  the  best  engineering  design  of 
crushers.  However,  no  test  data  for  crushers  of  this  capacity  on  oil  shale  are 
available.  Further,  it  is  not  practical  to  mine  enough  ore  for  tests  of  this 
magnitude  on  Tract  C-a  until  after  approval  of  this  Detailed  Development  Plan. 
Therefore,  the  Stage  1  design  is  based  on  data  developed  from  small  scale  tests 
previously  published  by  the  Anvil  Points  Research  Center,  The  Oil  Shale  Corpora- 
tion and  the  U.  S.  Bureau  of  Mines,  as  well  as  data  from  vendors  and  manufacturers 
of  crushing  equipment.  Phase  I  -  Stage  1  will  serve  to  provide  long-term 
crushing  test  data. 

Several  problems  are  thought  to  be  associated  with  the  storage  of  finely  crushed 
oil  shale  in  open  storage  piles.  During  Phase  I  -  Stage  1  the  following  problems 
will  be  investigated. 

t   Size  segregation  in  the  pile 

§   Degradation  of  the  ore  because  of  exposure  to  weather  and  mechanical 
handling  equipment 

•  Atmospheric  emission  of  particulates  on  windy  days 

t    Reduced  retort  efficiency  because  of  rain,  snow  or  freezing 

•  The  possibility  of  spontaneous  combustion  of  small  ore  particles 

If  these  problems  can  be  solved,  an  obvious  advantage  to  an  outdoor,  open 
storage  pile  would  be  the  reduced  cost  because  enclosures  could  be  eliminated. 
Phase  I  -  Stage  1  includes  a  14,000-ton  reserve  storage  pile  immediately 
adjacent  to  the  surge  bin  for  secondary  crushed  product.  Initially  this  pile 
will  be  used  to  determine  the  long-term  atmospheric  effects,  while  the  in-line 
enclosed  storage  bin  will  be  used  for  the  normal  operations  of  the  system. 
Short-term  tests  will  be  scheduled  late  in  Stage  1  to  investigate  the  effects 
of  using  the  open  storage  pile. 


1.2  PHASE  II 

Phase  II  of  development  of  Tract  C-a  involves  the  expansion  to  production  of 
55,800  BPSD  of  upgraded  shale  oil.  Included  in  this  expansion  are  five  additional 
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TOSCO  II  retorts,  for  a  total  of  seven,  and  seven  gas  combustion-type  retorts. 
Since  the  TOSCO  II  retorts  use  3/8-inch  and  smaller  pieces  of  ore,  and  the  gas 
combustion-type  retorts  use  ore  having  a  size  range  from  2-1/2  inches  to  one 
inch,  the  Phase  II  retort  feed  preparation  facilities  are  more  complex  than 
those  for  Phase  I.  Included  in  the  Phase  II  facilities  are  a  traveling  bucket 
wheel  reclaimer  and  hopper  cars  for  primary  ore  reclaiming,  both  secondary  and 
tertiary  crushing  facilities,  and  separate  crushed  ore  storage  bunkers  for  the 
GCR  feed  and  the  TOSCO  feed. 

All  of  the  Phase  II  crushing  equipment  will  be  larger  than  that  used  in  Phase  I 
to  take  advantage  of  "economies  of  scale".  Therefore,  the  retort  feed  pre- 
paration facilities  used  for  Phase  I  will  be  dismantled  after  the  successful 
start-up  of  Phase  II. 


1.3  ATMOSPHERIC  EMISSIONS 

The  only  atmospheric  emissions  expected  from  the  retort  feed  preparation  facilities 
are  particulates,  or  shale  dust.  These  emissions  are  expected  to  be  generated 
at  points  in  the  system  where  a  transfer  is  made;  e.g.,  transferring  from  the 
end  of  one  belt  to  the  start  of  the  next,  transferring  into  a  pile  or  surge 
bin,  or  transferring  from  the  crusher  to  the  belt.  Three  basic  concepts  have 
been  adopted  to  reduce  these  particulate  emissions: 

t    Completely  covered  conveyor  belts  to  eliminate  particulates  emissions 

caused  by  the  wind 
t    Water  sprays  at  selected  transfer  points  to  drop  the  dust  back  onto 

the  belts 
•    Induced-draft  fans  and  baghouse  filters  for  all  transfer  points  and 

the  crushing  buildings. 

These  control  measures  are  discussed  further  in  Section  9,  Chapter  5. 

A  simple  drawing  of  a  baghouse  filter  is  shown  in  Figure  5-1-1.  Its  operation 
is  similar  to  the  operation  of  a  household  vacuum  cleaner  except  that  dust 
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collects  on  the  outside  of  the  bag.  A  blower  taking  suction  at  the  top  of  the 
baghouse  draws  dirty  air  into  the  bottom  and  through  bag-type  filters.  The  air 
flows  through  the  holes  in  the  filters,  but  most  of  the  dust  particles  are 
trapped  by  the  filters  and  do  not  escape  through  the  blower.  The  dust  col- 
lected is  periodically  removed  and  either  placed  back  on  the  conveyor  or 
slurried  to  the  processed  shale  moisturizer,  see  Section  9,  Chapter  5.  Bag- 
house  filters  have  been  applied  in  many  dust-creating  industries  throughout  the 
world,  and  are  considered  best  available  technology  for  reducing  particulate 
emissions  for  this  particular  application. 
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CHAPTER  2 
PHASE  I  DESIGN  AND  OPERATIONS 


A  pictorial  flow  sheet  of  the  Phase  I  -  Stage  1  retort  feed  preparation  facility 
is  shown  in  Figure  5-2-1.  This  facility  extends  from  the  vibratory  feeders 
located  underneath  the  primary  crushed  ore  stockpile  to  the  feed  hopper  near 
the  middle  level  of  the  TOSCO  II  retort.  The  retort  feed  preparation  facility, 
which  is  located  directly  south  of  the  TOSCO  II  retort,  will  occupy  approximately 
15  acres  of  land.  The  plot  plan  for  the  retort  feed  preparation  facility  is 
shown  along  with  other  facilities  in  Figure  6-5-1. 

The  Phase  I  -  Stage  1  secondary  crushing  and  materials  handling  equipment  is 
designed  to  provide  10,700  TPSD  of  minus  3/8-inch  ore  to  the  TOSCO  II  retort  at 
an  average  hourly  rate  of  571  TPH.  Major  elements  of  the  retort  feed 
preparation  facility  include: 

•  Vibratory  pan  feeders  and  belt  conveyors  for  reclaiming  primary 
crushed  ore 

•  Secondary  crushers  and  screens 

•  An  in-line,  10-hour  capacity,  storage  bin  and  retort  feed  conveyor 
belts 

•  An  off-line  reserve  open  storage  pile  and  reclaim  equipment 

These  elements  will  be  discussed  in  detail  in  the  following  parts  of  Chapter  2. 


2.1  PRIMARY  CRUSHED  ORE  RECLAIMING 

The  primary  crushed  ore  stockpile  was  described  in  Section  4  of  this  Develop- 
ment Plan.  A  pictorial  drawing  of  the  stockpile  is  shown  in  Figure  4-3-18, 
which  also  shows  the  planned  reclaim  system.  The  primary  crushed  ore  stockpile 
is  designed  with  sufficient  capacity  to  provide  ore  for  both  Stage  1  and  Stage  2 
of  Phase  I.  Therefore,  the  reclaim  facilities  for  Stage  2,  as  well  as  Stage  1, 
will  be  built  before  start  of  operations  for  Phase  I. 
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These  facilities  include  a  set  of  parallel  underground  conveyor  belts  which  are 
fed  by  vibratory  pan  feeders.  Through  the  use  of  a  cross  belt  conveyor,  either 
of  the  two  reclaim  belts  can  be  used  to  feed  the  secondary  crushers  in  Stage  1, 
and  either  belt  can  be  used  to  feed  all  crushers  in  Stage  2.  A  fifth  vibratory 
pan  feeder  is  located  near  the  edge  of  the  primary  crushed  ore  stockpile,  so 
that  ore  may  be  reclaimed  by  bulldozing  equipment. 

The  reclaim  belts  carry  the  primary  crushed  ore  to  the  top  of  a  30'  tall  transfer 
structure.  Atop  this  structure  a  transfer  is  made  to  the  secondary  crusher 
feed  belt  or  the  cross  belt  conveyor.  In  addition,  the  crusher  oversize  recycle 
belt  discharges  ore  onto  the  crusher  feed  belt  at  this  tower  for  return  to  the 
crusher  feed  bin.  These  transfer  points  are  fully  enclosed  and  dust  will  be 
controlled  by  baghouse  suction. 


2.2  SECONDARY  CRUSHING  AND  SCREENING 

The  secondary  crushing  and  screening  equipment  will  be  enclosed  in  a  steel 
building.  Included  in  the  building  will  be  a  feed  hopper,  two  impact-type 
crushers  and  two  vibrating  screens.  A  baghouse  will  be  used  to  control  dust 
inside  the  secondary  crushing  and  screening  building.  The  secondary  crushing 
and  screening  building  is  shown  in  Figure  5-2-2. 

Primary  crushed  shale  will  be  carried  to  the  top  of  the  crushing  building  by 
the  secondary  crusher  feed  conveyor.  It  will  fall  from  there  into  a  small  feed 
bin.  Ore  will  fall  from  the  bin  onto  vibrating  screens.  The  minus  3/8-inch 
material  will  fall  to  the  crushed  ore  conveyor,  moving  towards  the  storage  bin. 
Material  larger  than  3/8-inch  will  go  across  the  top  of  the  screens  and  fall 
into  the  impact  crushers.  Crusher  product  falls  to  the  recycle  conveyor  which 
will  carry  it  back  to  the  transfer  point  near  the  primary  crushed  ore  stockpile, 
Thus,  ore  will  be  recycled  to  the  feed  hopper  above  the  secondary  crushers. 
The  practicability  of  this  closed  recycle  concept  will  be  examined  during  Phase 
I  -  Stage  1  to  assist  and  possibly  improve  design  of  Phase  I  -  Stage  2  and 
Phase  II. 
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2.3  ENCLOSED  STORAGE  BIN 

Since  routine  preventative  maintenance  will  be  performed  on  the  secondary 
crushers  about  every   48  hours,  a  retort  feed  surge  bin  is  necessary  for  con- 
tinuous operation  of  the  TOSCO  II  retorts  in  Phase  I.  This  surge  is  provided 
by  a  5,000-ton  capacity  storage  bin  approximately  60  feet  diameter  and  85  feet 
tall.  This  enclosed  storage  bin  will  have  capacity  to  allow  a  retort  to  be  fed 
for  approximately  10  hours  while  both  secondary  crushers  are  shut  down. 

As  shown  in  Figure  5-2-3,  the  top  of  the  storage  bin  will  be  fed  from  the 
crushed  shale  conveyor,  with  the  transfer  being  made  inside  the  building. 
Retort  feed  will  be  withdrawn  from  the  bottom  of  the  storage  bin  with  the  aid 
of  vibratory  feeders.  The  retort  feed  conveyors  will  be  located  underground  in 
a  12-foot  diameter  tunnel  until  it  surfaces—thereafter  the  conveyors  will  be 
covered.  Both  the  top  and  the  bottom  of  the  retort  feed  storage  bin  will  have 
baghouses  for  particulate  emissions  control. 

The  ore  sampling  system  is  also  located  near  the  top  of  the  storage  bin  structure, 
The  sampling  system  will  be  discussed  in  a  later  paragraph. 


2.4  RESERVE  STORAGE  PILE 

Crushed  retort  feed  can  be  diverted  from  the  top  of  the  storage  bin  to  a  reserve 
stockpile,  shown  in  Figure  5-2-4.  This  pile,  which  will  have  approximately  one 
day's  retort  feed  capacity,  will  be  built  through  a  telescoping  chute  to  minimize 
dust  creation.  Retort  feed  will  be  withdrawn  from  the  center  of  the  pile  with 
a  vibratory  feeder.  The  shale  will  be  returned  to  the  crushed  shale  conveyor 
via  a  belt  conveyor,  through  a  transfer  structure  and  into  the  storage  bin. 
Both  conveyors  will  be  covered  and  the  transfer  points  will  have  baghouse 
connections  for  dust  control. 

The  purpose  for  this  outdoor  reserve  storage  pile  is  two-fold.  First,  Rio 
Blanco  wishes  to  determine  if  outside  storage  of  retort  feed  will  create 
operability  problems  in  the  TOSCO  II  retorts.  For  instance,  the  effects  of 
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rain,  snow,  or  freezing  weather  on  a  pile  such  as  this  are  not  known.  In 
addition,  the  other  effects  attributable  to  exposure  to  the  atmosphere  are  not 
well  documented.  Secondly,  the  atmospheric  emission  effects  of  creating  an 
outside  pile  of  small  particles  and  withdrawing  retort  feed  from  it  are  not 
known,  nor  are  the  effects  of  long-term  storage  of  small  particles  related  to 
wind  erosion  or  spontaneous  combustion  of  the  hydrocarbons. 

During  the  very  early  operations  of  Phase  I  -  Stage  1  (Fall,  1979),  mine 
equipment  and  crushing  performance  tests  will  be  required  to  release  the 
vendors  from  contractual  obligations.  During  that  time  it  may  be  necessary  to 
stockpile  additional  amounts  of  crushed  retort  feed.  Cleared  ground  is  provided 
immediately  adjacent  to  the  reserve  stockpile  for  this  purpose.  An  additional 
63,000  tons  of  minus  3/8-inch  retort  feed  may  be  stored  in  this  manner.  The 
ore  will  be  withdrawn  from  this  stockpile  during  the  early  Stage  1  operations. 


2.5  RETORT  FEED  SAMPLING  SYSTEM 

The  lease  for  Tract  C-a  provides  for  royalty  payments  based  on  the  shale  oil 
content  of  the  retort  feed.  Although  no  standards  exist  for  sampling  pro- 
cedures for  oil  shale  operations,  it  is  expected  that  sampling  can  be  done  in 
a  manner  similar  to  that  used  in  the  coal  industry.  Sampling  facilities  of 
this  type  are  included  for  the  development  of  Tract  C-a  as  shown  in  Figure 
5-2-3.  In  addition  weigh-belts  will  be  installed  in  front  of  the  retorts  to 
complete  the  data  needed  for  royalty  determinations. 

In  the  enclosure  at  the  top  of  the  retort  feed  storage  bin,  a  sample  cutter 
will  take  samples  of  the  crushed  retort  feed  as  it  falls  off  the  end  of  the 
belt.  The  gross  sample  passes  through  a  splitter  which  rejects  most  of  the 
sample  before  feeding  the  remainder  to  a  sampling  crusher.  After  the  sample 
crusher,  the  smaller  particles  again  pass  through  a  splitter  and  a  small 
representative  sample  is  collected  once  per  shift  and  carried  to  the  laboratory 
for  analysis  by  the  Modified  Fischer  Assay  or  by  another  approved  assay  method. 
All  "sample  reject"  will  be  returned  to  the  enclosed  storage  bin. 
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Since  the  sampling  system  will  be  enclosed  at  the  top  of  the  storage  bin 
primary  dust  control  will  be  by  the  baghouse  attached  to  this  enclosure.  No 
water  spraying  will  be  done  because  one  of  the  laboratory  tests  conducted  will 
be  to  determine  surface  moisture  content  of  the  retort  feed. 


2.6  PHASE  I  OPERATIONS  AND  MAINTENANCE 

Because  of  the  abrasiveness  of  rock  and  the  physical  impacts  associated  with 
rock  crushing  and  conveying,  these  operations  have  historically  been  difficult 
to  operate  continuously.  Therefore,  operators  of  this  type  of  equipment  have 
established  preventative  maintenance  programs  to  improve  operating  efficiencies 
The  same  philosophy  has  been  adopted  for  Tract  C-a. 

The  moving  equipment  in  the  secondary  crushing  and  screening  building,  the 
crushers  and  the  vibrating  screens,  is  anticipated  to  operate  continuously  for 
approximately  48  hours  before  requiring  preventative  maintenance.  Equipment 
clearances  are  sufficient  for  safe  working  conditions,  and  the  dust  removal 
and  control  system  will  allow  maintenance  personnel  to  repair  the  equipment 
safely. 

Almost  all  conveyor  belts  are  mated  with  a  duplicate  spare,  so  that  an  instan- 
taneous switch  can  be  made  from  one  to  the  other  if  one  belt  fails.  Clearances 
are  such  that  maintenance  can  be  performed  on  an  inoperative  belt  while  the 
adjacent  belt  is  running.  In  addition,  the  10-hour  storage  bin  and  the  one- 
day  reserve  open  storage  pile  will  allow  continuous  operation  of  the  TOSCO  II 
retort  even  though  both  secondary  crushers  are  temporarily  not  operating. 
Furthermore,  this  surge  system  will  allow  for  an  orderly  shutdown  of  the  TOSCO 
II  retort  if  necessary  because  of  complete  retort  feed  preparation  facility 
failure. 


2.7  PHASE  I  -  STAGE  2  FACILITIES 

Everything  shown  in  Figure  5-2-1  for  Phase  I  -  Stage  1  will  be  duplicated  for 
Phase  I  -  Stage  2  with  the  exception  of  the  two  open  storage  piles.  The 
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primary  crushed  ore  stockpile  will  be  built  initially  to  serve  the  two  10,700 
TPSD  TOSCO  II  retorts  ultimately  planned  for  Phase  I.  No  additional  infor- 
mation could  be  obtained  by  building  another  uncovered  reserve  storage  pile, 
so  this  concept  has  been  eliminated  for  Stage  2. 

Current  plans  assume  that  the  closed  recycle  crushing  system  for  secondary 
crushing  will  be  proven  in  Phase  I  -  Stage  1.  This  will  allow  the  duplication 
of  the  crushing  facilities  for  Stage  2.  Construction  of  this  equipment  can  be 
done  while  Phase  I  -  Stage  1  facilities  are  operating. 

Hopefully,  operating  experience  gained  during  Stage  1  will  lead  to  improvements 
in  operating  efficiencies  of  the  crushing  and  materials  handling  equipment. 
Nevertheless,  all  Stage  2  equipment  is  now  planned  to  be  sized  for  exact 
duplicate  operations  and  maintenance  schedules  as  for  Stage  1. 
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CHAPTER  3 
PHASE  II  RETORT  FEED  PREPARATION 


The  design  of  the  retort  feed  preparation  facilities  for  Phase  II  is  different 
from  that  of  Phase  I  for  several  reasons.  These  differences  are: 

•  Phase  II  will  process  119,000  TPSD  of  ore,  six  times  as  much  as  Phase 
I. 

•  Approximately  2/3  of  the  ore  will  be  crushed  to  minus  3/8- inch  for 
TOSCO  II  retort  feed,  while  the  other  1/3  will  be  crushed  to  range 
between  2-1/2  inches  to  1  inch  size  for  the  gas  combustion  type 
retorts. 

•  Ore  storage  piles  and  bunkers  must  be  larger  to  ensure  continuous 
operations  of  more  downstream  equipment,  resulting  in  different 
methods  of  reclaiming  ore  from  these  storage  piles. 

As  for  Phase  I,  the  main  emission  control  equipment  will  be  covered  conveyors 
and  baghouses  at  every   transfer  point  or  crushing  facility.  Experience  gained 
in  Phase  I,  as  well  as  by  others  in  the  industry,  can  be  used  to  improve  this 
control  for  Phase  II.  Construction  of  Phase  II  will  not  begin  until  1982, 
while  addition  of  improved  emission  control  equipment  could  be  deferred  until 
1983  or  1984. 


3.1  LOCATION  AND  DESCRIPTION 

The  Phase  II  retort  feed  preparation  facilities  will  occupy  approximately  40 
acres  directly  west  of  the  Phase  I  retort  feed  preparation  system.  This  location 
is  shown  on  the  plot  plan,  Figure  6-5-1. 

These  Phase  II  facilities  include  the  equipment  necessary  to  reclaim  ore  from 
the  primary  crushed  ore  stockpile,  crush  it  to  the  appropriate  size  for  the 
retorts  and  convey  it  to  the  retort  feed  hoppers.  As  shown  in  Figure  5-3-1, 
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the  major  equipment  included  in  the  Phase  II  retort  feed  preparation  facility 
is: 

0   A  bucketwheel  reclaimer  and  traveling  hopper  cars  for  reclaiming  the 
primary  crushed  ore. 

•  Secondary  crushing  and  screening  for  preparation  of  2-1/2  x  1"  size 
gas  combustion  retort  feedstock. 

•  Tertiary  crushing  and  screening  for  preparation  of  3/8"  minus  TOSCO 
II  retort  feedstock. 

t   Two  separate  enclosed  retort  feed  storage  bunkers,  each  having  a  two- 
day  capacity. 

Because  of  the  need  to  handle  119,000  TPSD  of  ore,  the  Phase  II  primary  ore 
reclaim  facilities  differ  from  those  designed  for  Phase  I.  The  greatly  increased 
volume  of  material  to  be  handled  makes  underground  vibratory  feeders  and 
reclaim  conveyor  belts  impracticable.  Therefore,  a  large,  crawler  mounted 
bucketwheel  reclaimer  is  used  in  Phase  II  to  pick  up  primary  crushed  rock  from 
the  entire  width  of  a  stockpile  and  deposit  it  into  a  traveling  hopper  car. 
From  the  hopper  car,  the  shale  drops  to  a  conveyor  belt  for  transfer  to  the 
secondary  crushing  facilities.  As  described  in  Section  4,  the  600,000-ton 
primary  crushed  ore  stockpile  will  be  constructed  using  a  stacker  traveling  on 
rails  between  the  two  windrow  piles.  Therefore,  reclaiming  from  this  stockpile 
must  be  done  from  the  outer  edges.  The  bucketwheel  reclaimer  and  traveling 
hopper  cars  will  be  used  for  this  reclaiming. 

Four  separate  buildings  will  house  the  equipment  required  for  secondary  screening 
and  crushing,  tertiary  screening,  tertiary  crushing,  and  final  screening.  Each 
of  these  buildings  will  be  thoroughly  ventilated  and  baghouses  will  be  built  to 
control  particulate  emissions.  Four  buildings  are  required  because  8  secondary 
screens  and  crushers,  9  tertiary  crushers,  15  tertiary  screens  and  16  final 
screens  will  be  used. 

Externally,  the  four  buildings  will  be  almost  indistinguishable,  with  feed 
belts  entering  each  building  near  the  roof  and  product  belts  leaving  near 
ground  level.  Oversized  material  will  be  recycled  back  to  the  crusher  buildings 
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from  the  screening  buildings,  while  appropriately  sized  retort  feed  will  be 
carried  by  belts  to  the  retort  feed  storage  bunkers. 

The  TOSCO  II  retort  feed  storage  bunker  will  have  a  working  capacity  of  approxi- 
mately 162,500  tons  of  live  storage,  or  two  days  capacity  for  all  seven  TOSCO 
II  retorts.  At  the  same  time,  the  gas  combustion  type  storage  bunker  will  have 
a  capacity  of  about  87,500  tons,  or  two  days  storage  for  seven  of  these  retorts, 
The  sheer  volume  of  these  storage  bins  requires  more  sophisticated  reclaim 
facilities  than  were  provided  in  Phase  I. 

Rotary  plow  feeders  will  be  used  at  both  storage  bunkers  for  reclaim  purposes. 
These  plows  will  travel  on  rails  underneath  the  storage  bunkers  and  withdraw 
the  ore  continuously  from  the  bottom  of  the  bunker  onto  the  conveyor  belts  for 
movement  to  the  retort  feed  hoppers. 

Sampling  and  weighing  systems  similar  to  those  proposed  for  Phase  I  are 
included  in  Phase  II.  Because  the  storage  bunkers  have  a  two-day  capacity, 
sampling  facilities  will  be  located  at  the  retort  feed  conveyor  side  of  each 
storage  bunker.  Again,  the  gross  sample  will  be  split,  with  only  a  fraction 
of  the  original  sample  being  crushed  for  further  sampling.  This  crushed 
sample  will  be  split  again  with  a  fraction  being  delivered  to  the  laboratory 
for  analysis.  All  "sample  rejects"  will  be  returned  to  the  retort  feed 
conveyors. 


3.2  PHASE  II  OPERATIONS  AND  MAINTENANCE 

Phase  I  operating  experience  will  be  used  to  optimize  the  preventative  main- 
tenance and  operations  schedules  for  Phase  II.  Present  design  of  Phase  II 
anticipates  the  need  for  preventative  maintenance  work  on  all  crushers  and 
screens.  All  crushing  and  screening  facilities  have  been  designed  to  accommodate 
these  needs  while  at  the  same  time  providing  continuous  flow  of  119,000  tons 
per  day  of  retort  feedstock. 

Working  space  between  crushers,  screens  and  belts  has  been  provided  so  that 
maintenance  work  can  be  performed  on  one  piece  of  equipment  while  adjacent 
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equipment  is  continuing  to  operate.  Crushing  and  screening  buildings  will  be 
ventilated  by  baghouse  systems  to  provide  safe  working  conditions  for  maintenance 
and  operating  personnel. 
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CHAPTER  4 
ALTERNATIVES  AND  SELECTION  RATIONALE 


Several  alternates  to  each  of  the  elements  of  the  retort  feed  preparation 
facility  were  reviewed  prior  to  the  selection  of  both  the  Phase  I  and  the  Phase 
II  systems.  The  criteria  on  which  design  of  these  elements  were  judged  are: 

•  Environmental  impact 

•  Systems  interaction  with  other  elements 

•  Flexibility  and  reliability 

•  Economics 

This  chapter  discusses  these  alternatives  and  the  reasons  for  their  rejection. 


4.1  PHASE  I 

In  addition  to  the  conical  shaped,  100,000-ton  primary  crushed  stockpile  with 
five  underground  vibratory  feeders,  the  following  primary  crushed  stockpile 
systems  were  considered: 

•  Two  50,000-ton  conical  piles,  each  having  a  single  underground  reclaim 
system. 

•  One  windrow-shaped,  100,000-ton  pile  created  by  an  elevated  belt 
conveyor  and  reclaimed  by  a  rotary  plow. 

•  Reclaiming  of  material  from  various  shaped  piles  using  front  end 
loaders  and  conveyor  belts. 

Each  of  these  alternatives  was  rejected  because  of  environmental  considerations 
and  economics. 

The  closed  recycle  secondary  crushing  and  screening  system  sized  to  serve  only 
one  TOSCO  II  retort,  could  have  been  replaced  with: 
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•  Both  secondary  and  tertiary  crushers  with  oversize  crushers  intermedi- 
ate. 

•  Crushing  circuits  using  equipment  large  enough  to  immediately  be  used 
in  Phase  II. 

•  Larger  equipment  and  stockpiles  coupled  with  shorter  work  weeks. 

Each  of  these  Phase  I  alternates  was  rejected  for  economic  reasons. 

A  final  selection  could  not  be  made  between  enclosed  and  open  storage  of  final 
crushed  retort  feedstock.  Therefore,  a  test  for  both  systems  was  incorporated 
in  the  Phase  I  design.  The  continuous  in-line  storage  system  is  an  enclosed 
bin,  while  the  off-line  system  for  testing  is  the  conical  reserve  storage  pile, 
which  will  be  used  intermittently  to  determine  environmental  effects.  The 
totally  enclosed  storage  pile  was  obviously  better  from  proven  environmental 
considerations.  Nevertheless,  economic  considerations  dictate  that  open 
storage  should  be  tested  to  determine  the  environmental  viability  of  this 
approach. 


4.2  PHASE  II  ALTERNATES 

The  following  two  alternates  were  considered  as  possible  replacements  for  the 
double-windrow  arranged  primary  crushed  ore  stockpile: 

•  One  windrow-shaped  pile  containing  600,000  tons  of  stored  material, 
created  by  a  rail  mounted  stacker  on  a  fixed  boom  and  using  a  single 
reclaim  tunnel  for  withdrawal. 

•  One  windrow-shaped  pile  containing  600,000  tons  of  primary  crushed 
ore,  created  with  an  elevated  belt  conveyor  and  tripper  and  using  a 
bucketwheel  reclaimer. 

Both  of  these  storage  and  reclaim  methods  were  rejected  because  of  economics. 
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The  final  design  of  the  secondary  and  tertiary  crushing,  screening  and  retort 
feed  storage  facilities  will  be  somewhat  dependent  upon  operations  during  Phase 
I.  Many  combinations  of  crushing,  screening  and  storage  facilities  were 
investigated  prior  to  the  selection  of  the  facilities  in  Phase  I  and  Phase  II. 
Without  the  long  term  crushing  and  screening  tests  which  are  planned  as  Phase 
I  -  Stage  1,  the  final  design  for  Phase  II  cannot  be  completed.  At  the  same 
time,  operations  during  Phase  I  -  Stage  1  will  resolve  the  selection  problems 
associated  with  enclosed  and  open  storage  piles  and  retort  feed  reclamation 
devices. 
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CHAPTER  1 
INTRODUCTION 


In  the  first  chemical  step  of  converting  oil  shale  to  useful  hydrocarbon 
energy,  the  rock  is  heated  to  about  900°F  in  order  to  quickly  decompose  the 
high-molecular  weight  organic  material.  Under  these  conditions,  the  organic 
material  decomposes  to  form  smaller  molecules,  which  when  cooled  are  similar 
to  some  heavy  waxy  high-nitrogen  crude  petroleums.  This  heating,  decomposing, 
cooling  process  is  commonly  called  retorting.  The  raw  shale  oil  product,  a 
mixture  of  heavy  waxy  oils,  has  unacceptable  flow  characteristics  in  pipelines. 
In  addition,  the  raw  shale  oil  contains  suspended  processed  shale  particles 
and  nitrogen  compounds  which  would  be  detrimental  to  U.S.  petroleum  refinery 
operations,  if  it  made  up  a  significant  portion  of  the  total  crude  oil  supply. 
Thus,  another  series  of  chemical  processing  steps,  called  upgrading,  is  nec- 
essary to  prepare  a  feedstock  for  conventional  refining  to  make  motor  fuels, 
home  heating  fuels,  other  fuels  and  chemical  products  from  oil  shale.  To- 
gether, the  mechanical  equipment  and  associated  support  facilities  required 
for  the  retorting  and  upgrading  steps  are  known  as  the  processing  facility  for 
Tract  C-a. 

Section  6  of  this  Detailed  Development  Plan  describes  the  initial  processing 
facility  selected  for  Tract  C-a  and  presents  a  development  schedule.  Anti- 
cipated atmospheric  emissions  and  fuel,  power  and  water  requirements  for  the 
processing  facility  are  presented,  along  with  a  review  of  the  alternative 
technologies  which  were  studied  to  develop  the  plan  which  was  finally  selected, 


1.1  RETORTING 

Experimental  research  and  development  work  for  shale  retorts  has  been  underway 
intermittently  in  the  United  States  since  the  1920' s.  Industrial  efforts  in 
other  countries  date  back  to  the  1850' s.  During  the  first  100  years,  emphasis 
was  upon  the  development  of  aboveground  retorts,  resulting  in  significant 
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technological  advances  for  this  process.  Recently,  experimental  work  has  been 
conducted  which  may  lead  to  the  development  of  underground,  or  in  situ, 
retorting  processes.  Both  aboveground  and  in  situ  technology  have  been  con- 
sidered for  the  development  of  Tract  C-a. 

Since  neither  Gulf  Oil  Corporation  nor  Standard  Oil  Company  (Indiana)  are 
leaders  in  the  development  of  oil  shale  retorting  technology,  the  development 
of  Tract  C-a  must  depend  upon  retorting  technology  developed  by  others.  In 
keeping  with  the  spirit  of  the  prototype  leasing  program  to  determine  the 
feasibility  of  commercial  production,  the  following  guidelines  were  used  in 
choosing  among  the  several  experimental  retorting  processes: 

•  The  retorting  process  must  be  capable  of  continuous  operation  and 
give  efficient  recovery  of  energy  from  shale. 

•  The  experimental  work  for  such  technology  must  be  far  enough  advanced 
to  assure  a  reasonable  chance  of  the  successful  operation  of  a  large 
scale,  commercial -sized  retort. 

t    The  retorting  technology  must  be  available  to  the  developers  of 

Tract  C-a  either  from  technology  in  the  public  domain  or  by  license 
from  patent  holders. 

Following  detailed  screening  in  mid-1974,  a  joint  Gulf/Standard  task  force 
recommended  a  thorough  engineering  evaluation  of  both  the  TOSCO  and  the  gas 
combustion  type  Paraho  retorting  technologies.  A  licensing  agreement  was  then 
signed  with  The  Oil  Shale  Corporation  for  use  of  the  TOSCO  technology,  while 
Gulf  and  Standard  continued  their  participation  in  the  present  Paraho  develop- 
ment project. 

Phase  I  -  Stage  1  of  the  development  of  Tract  C-a  is  based  upon  operating  a 
single  10,700  ton-per-day  TOSCO  II  retort.  Since  this  size  TOSCO  II  retort  is 
approximately  10  times  larger  than  the  largest  retort  previously  operated  by 
The  Oil  Shale  Corporation,  it  is  Rio  Blanco's  opinion  that  it  will  be  economi- 
cally risky  to  attempt  to  operate  more  than  one  of  these  modules  in  Phase  I  - 
Stage  1.  In  addition,  mechanical  improvements  to  the  process  are  expected  to 
be  developed  during  operation.   Therefore,  Phase  I  -  Stage  2  of  the  develop- 
ment for  Tract  C-a  includes  a  second,  mechanically  improved  TOSCO  II  retort, 
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also  having  10,700  tons  per  day  capacity.  The  development  schedule  includes 
one  year   of  operating  experience  prior  to  construction  of  Phase  I  -  Stage  2, 
and  three  to  four  years  operating  experience  prior  to  construction  of  Phase 
II. 

The  commercial  development  of  the  Paraho  retorting  process  is  expected  to 
continue  along  a  similar  schedule  elsewhere  in  the  industry.  Therefore,  Phase 
II  of  the  development  of  Tract  C-a  includes  construction  of  five  additional 
TOSCO  II  retorts,  for  a  total  of  seven,  and  seven  gas  combustion  type  Paraho 
retorts  for  a  total  processing  capability  of  119,000  tons  per  stream  day. 
This  plan  incorporates  synergistic  energy  efficiencies  resulting  from  the 
combination  of  two  technically  different  retort  technologies. 


1.2  UPGRADING 

Raw  shale  oil  from  presently  available  retorts  is  a  heavy  oil  which  will  not 
flow  satisfactorily  under  petroleum  pipeline  conditions.  It  contains  processed 
shale  fines  and  nitrogen  compounds  which  are  detrimental  to  current  U.S. 
refinery  operations.  It  also  contains  olefinic  hydrocarbons  which  are  smoky 
when  burned  and  sulfur  compounds  which  result  in  S0o  emissions  when  burned. 
Upgrading  of  raw  shale  oil  will  be  necessary  near  Tract  C-a  to  solve  these 
problems  before  pumping  the  finished  oil  into  existing  petroleum  pipeline 
systems.  The  amount  of  upgrading  required  is  partly  dependent  on  the  volume 
of  oil  being  produced  from  Tract  C-a. 

Phase  I  operations  will  produce  4,500  barrels  per  stream  day  (BPSD)  of  pipe- 
lineable  shale  oil  during  Stage  1  and  9,000  BPSD  during  Stage  2.  This  pro- 
duction represents  such  a  small  fraction  of  the  Gulf  and  Standard  total  refin- 
ery runs  in  the  U.S.  that  even  raw  shale  oil  directly  from  the  retorts  could 
be  used  without  materially  affecting  refinery  operations.  However,  minimum 
upgrading  is  required  to  reduce  the  temperature  at  which  the  oil  will  flow  for 
practical  pipeline  shipments.  On  the  other  hand,  production  of  25,000  BPSD  or 
more  of  pipeline  shale  oil  with  minimum  upgrading  cannot  be  easily  absorbed 
into  the  Gulf  and  Standard  domestic  refineries  without  significant  operational 
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penalties.  Therefore,  more  extensive  upgrading  is  required  for  Phase  II  opera- 
tions, when  about  55,800  BPSD  of  upgraded  shale  oil  product  will  be  produced. 

For  both  Stage  1  and  Stage  2  of  Phase  I,  the  upgrading  sections  include  thermal 
cracking  and  gas  purification,  both  well  known  petroleum  refining  processes. 
This  upgrading  equipment  must  be  located  near  Tract  C-a  because  the  raw  shale 
oil  cannot  be  pumped  away  without  processing  and  the  purified  gases  must  be 
used  for  fuel  in  the  retorting  system. 

For  these  same  reasons,  the  upgrading  equipment  for  Phase  II  will  also  be 
located  near  Tract  C-a.  In  addition,  having  a  high  quality  alternate  energy 
source  available  in  the  form  of  the  upgraded  shale  oil  increases  the  flexi- 
bility in  the  plant  for  reducing  environmental  emissions,  although  the  average 
conditions  expected  to  be  encountered  on  Tract  C-a  will  not  require  burning  of 
any  liquid  fuels  except  on  an  emergency  basis.  The  proposed  upgrading  facilities 
improve  the  pipeline  flow  characteristics  of  the  oil  while  eliminating  fine 
processed  shale  particles  and  nitrogen  which  are  potential  poisons  of  refinery 
catalytic  processes.  Therefore,  the  thermal  cracking  equipment  used  in  Phase 
I  will  not  be  required  in  Phase  II. 

The  Phase  II  upgrading  equipment  includes  delayed  coking  for  removal  of  the 
processed  shale  fines  and  for  processing  the  heaviest  portions  of  the  crude 
shale  oil.  Relatively  severe  hydrotreating  is  used  to  remove  nitrogen  com- 
pounds. Gas  purification,  hydrogen  production,  and  by-product  recovery  plants 
are  included.  All  of  these  processes  are  conventional  petroleum  refining 
processes,  but  have  never  been  applied  to  shale  oil  feedstocks  on  a  large 
scale.  Because  of  the  severe  chemical  conditions  required  to  remove  the 
nitrogen  compounds,  the  hydrotreating  process  at  the  same  time  treats  the 
shale  oil  for  removal  of  sulfur  compounds  and  reduction  of  olefin  content, 
making  the  upgraded  shale  oil  a  premium  refinery  feedstock. 


1.3  PRODUCT  DISPOSITION 

The  disposition  of  the  upgraded  shale  oil  product  from  both  Phase  I  and  Phase 
II  is  beyond  the  scope  of  the  Detailed  Development  Plan.  The  plan  includes  a 
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pipeline  to  transport  the  oil  from  C-a  to  the  Rangely  terminal  of  the  Amoco 
pipeline  system.  This  pipeline  is  described  in  Section  8.  From  the  Amoco 
terminal,  it  is  planned  that  the  oil  will  enter  existing  pipeline  systems  to 
be  conveyed  out  of  Colorado  to  the  point  of  use  as  determined  by  Gulf  and 
Standard.  By-product  sulfur  produced  during  Phase  I  and  sulfur,  ammonia  and 
coke  by-products  produced  during  Phase  II  will  be  trucked  to  a  rail  siding  in 
the  Rifle  area  for  transport  to  markets. 


1.4  ENVIRONMENTAL  CONTROLS 

In  keeping  with  the  spirit  of  the  prototype  leasing  program,  best  available 
environmental  control  technology  has  been  applied  to  the  processing  facility. 
Obviously,  control  techniques  have  never  been  tested  on  retort  facilities  as 
large  as  those  proposed  in  Phase  I  and  Phase  II,  but  gas  purification  systems 
and  other  pollution  control  devices  required  for  the  upgrading  portions  of 
Phase  I  and  Phase  II  have  been  thoroughly  tested  in  other  refinery  applications. 
The  wet  systems  for  particulate  emissions  control  used  in  Phase  I  and  Phase  II 
have  been  tested  in  similar  applications  in  other  industries  as  well  as  in  the 
TOSCO  semi-works  plant.  Operating  experience  will  most  likely  lead  to  improve- 
ments in  these  control  devices  --  a  tacit  objective  of  the  prototype  leasing 
program. 

A  zero  discharge  philosophy  has  been  adopted  for  the  processing  facility  to 
control  possible  surface  water  contamination.  All  waste  water  streams  will  be 
collected,  stripped  of  volatile  matter  and  used  for  moisturizing  processed 
shale.  Operating  experience  gained  in  Phase  I  will  be  used  to  optimize  and 
balance  evaporative  losses  with  process  cooling  requirements  and  mine  dewatering 
yields.  Phase  I  and  Phase  II  plans  include  consumption  of  water  from  underground 
sources  only,  although  industrial  water  rights  are  available  as  a  supplement, 
if  needed. 


1.5  RELATED  ACTIVITIES 

Significant  amounts  of  chemically  extractable  alumina  resources  exist  well 
below  the  surface  of  Tract  C-a.  Existing  patented  technology  for  recovering 
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these  resources  is  based  on  small  scale  laboratory  work,  requiring  significant 
manpower  and  capital  expenditures  for  commercial  development.  Since  this 
resource  exists  so  far  below  the  surface,  and  will  not  be  reached  until  a  few 
years  after  the  inception  of  Phase  II,  this  development  work  cannot  begin  until 
the  latter  1980's.  Therefore,  no  alumina  recovery  equipment  is  presently 
scheduled  in  Phase  I  or  Phase  II. 

Processing-related  support  facilities  such  as  power  transmission,  steam  gener- 
ation, water  treatment,  etc.,  have  been  selected  for  Phase  I  and  Phase  II  based 
on  refining  industry  technology.  The  environmental  control  devices  for  this 
equipment  are  the  best  currently  available  technology. 


1.6  ULTIMATE  PROCESSING  FACILITY 

Rio  Blanco  is  describing  and  requesting  approval  for  only  the  initial  processing 
facility  but  all  plans  have  been  made  to  allow  for  later  expansion.  Such 
expansion  would  not  occur,  of  course,  unless  the  operation  of  the  initial 
facility  showed  adequate  economic  incentive  and  acceptable  environmental 
impact.  The  ultimate  processing  facility  foreseen  by  Rio  Blanco  is  about 
300,000  BPSD  which  could  operate  for  several  decades  assuming  open  pit  mining 
of  the  entire  tract. 
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CHAPTER  2 
PROCESSING  FACILITY  LOCATION 


Siting  of  the  processing  facility  is  critical  to  the  overall  development  plan 
for  Tract  C-a.  Oil  shale  must  be  conveyed  to  the  processing  facility  and  the 
processed  shale  transported  to  the  disposal  area.  The  oil  product  and  by- 
products must  be  transported  to  markets  and  incoming  commodities  received; 
therefore  proper  siting  is  important  to  minimize  land  disturbance  and  trans- 
portation costs. 

The  most  desirable  plant  site  would  provide  the  following: 

•  Minimum  environmental  impact. 

§    Maximum  attainable  air  quality. 

•  Suitable  elevation,  topography  and  surface  area  for  Phase  I  and 
Phase  II  operations. 

0  Reasonable  proximity  to  the  mine  and  disposal  sites. 

•  Capacity  for  expansion  to  higher  production  rates. 

•  Maximum  recovery  of  the  oil  shale  resource. 

•  Accessibility  to  suppliers  and  markets. 

RBOSP  evaluated  seven  alternative  processing  facility  sites  on  the  basis  of 
environmental  impact,  terrain,  expansion  capability  and  overall  economics. 
(See  Figure  6-2-1).  Two  of  the  alternative  sites  were  on-tract,  but  are  not 
considered  practicable  since  the  entire  tract  will  eventually  be  mined.  The 
plant  site  located  on  high  ground  north  of  the  tract  in  Section  28  was  chosen 
because  it  best  satisfies  the  above  criteria.  The  plant  site  area  is  shown  in 
Figure  6-2-2.  About  100  acres  will  be  required  for  Phase  I  -  Stage  1  facilities, 
and  an  additional  15  acres  will  be  required  for  Stage  2.  Expansion  to  Phase 
II  will  require  another  135  acres,  resulting  in  a  total  of  250  acres.  Expansion 
to  the  ultimate  production  rate  of  300,000  BPSD  would  require  a  plant  site 
area  totaling  about  1,500  acres. 


6-2-1 


Figure  6-2-1 
ALTERNATIVE  PLANT  SITES 
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Figure  6-2-2 
RIO  BLANCO  OIL  SHALE  COMPLEX 
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2.1  ALTERNATIVES 

Alternative  processing  facility  sites  were  evaluated  on  environmental  and 
operational  considerations.  The  environmental  comparison  was  made  strictly  on 
the  relative  environmental  impact  of  each  alternative  plant  site  assuming  full 
development  of  Tract  C-a.  The  economic  and  technical  comparison  evaluated  the 
operational  aspects  of  oil  shale  processing  in  terms  of  cost,  transport  distances, 
expansion  capability  and  resource  recovery. 

A.  Environmental  -  The  environmental  analysis  was  performed  to  provide  a  fair 
and  objective  evaluation  of  environmental  impact  by  plant  operations.  Areas 
best  suited  for  plant  facilities  take  into  account  the  environmental  disturbances, 
the  natural  limitations  of  reclamation  and  the  diverse  interests  of  local 
residents,  hunters,  industry  and  other  related  groups. 

The  seven  alternative  plant  sites  shown  in  Figure  6-2-1  were  evaluated  by  a 
panel  of  environmental  and  engineering  experts  using  the  DARE  (Decision  Alter- 
native Ration  Evaluation)  system,  which  is  simply  a  decision-making  model 
designed  to  minimize  bias  by  the  panel. 

The  DARE  system  utilizes  pairwise-comparison  concepts  making  individual  decisions 
easy.  The  decision  maker(s)  compare  one  parameter  with  another.  The  DARE 
model  assumes  that  the  subjective  judgments,  used  to  establish  and  rank  evalua- 
tion parameters,  are  reliable.  The  panel  approach  to  rating  minimizes  the 
effect  of  individual  bias  on  ranking  of  parameters  and  provides  increased 
reliability.  A  further  description  of  the  DARE  system  is  found  in  the  RBOSP 
report,  Environmental  Evaluation  Procedures  and  Disposal  Site  Evaluations, 
August  1975. 

The  DARE  system  compares  pre-selected  alternatives,  but  does  not  select  the 
parameters  or  judge  whether  they  are  good  or  bad.  It  is  essential  to  choose 
parameters  for  rating  that  are  complete  and  exhaustive  with  minimum  overlap. 
Nine  parameters  were  chosen  as  representative  of  environmental  impact  potential: 
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Habitat  and  use 
Rehabilitation 
Air  qual ity 
Water  quality 
Erosion  potential 
Unique  aspects 
Scenic  and  recreation 
Contingencies 
Noise  potential 

The  mechanics  used  to  weigh  each  impact  parameter  may  be  found  in  the  RBOSP 
report  referenced  above.  The  individual  and  total  environmental  scores  of  the 
seven  alternative  plant  sites  are  presented  in  Table  6-2-1.  The  scores  reflect 
an  environmental  evaluation  unique  to  each  area.  The  higher  the  score,  the 
more  desirable  an  area  is  for  utilization  as  a  plant  site. 

Plant  Site  2  (Section  28)  with  an  environmental  score  of  20.24  is  4.92  points 
better  than  the  Plant  Site  1  score  of  15.32  and,  by  direct  comparison,  is  32% 
better  environmentally.  Statistical  tests  were  performed  to  determine  the 
significance  of  differences  between  numerical  ratings,  resulting  in  groupings 
of  sites  which  are  of  equivalent  merit.  The  ranking  of  the  plant  site  areas 
by  groups  which  are  statistically  similar  is  presented  in  Table  6-2-2.  The 
total  environmental  scores  within  one  group  may  be  numerically  different,  but 
statistically  the  same,  and  therefore,  can  be  treated  as  a  group. 

The  Plant  Site  2  (Section  28)  is  clearly  the  best  location  from  an  environ- 
mental standpoint.  The  primary  factor  in  favor  of  Plant  Site  2  is  the  lower 
impact  of  the  habitat  and  use  parameter. 

B.  Operational  -  An  operational  analysis  was  performed  to  provide  a  technical 
and  economic  evaluation  of  the  same  seven  alternative  plant  sites  as  shown  in 
Figure  6-2-1.  The  DARE  system,  previously  described  and  utilized  in  the 
environmental  analysis,  was  used  to  establish  the  relative  rank  of  each  plant 
site.  Applying  the  DARE  system  to  operational  analysis  permits  a  direct 
comparison  to  the  environmental  analysis. 
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Table  6-2-1 

ENVIRONMENTAL  SCORES  OF  ALTERNATIVE  PLANT  SITES 

Plant  Site  Alternative 
Parameter  12      3      4      5 


Habitat  &  Use 

3.38 

7.33 

2.93 

2.67 

2.67 

2.59 

3.03 

Rehabilitation 

3.28 

3.99 

2.72 

2.79 

3.10 

2.72 

2.60 

Air  Quality 

1.63 

1.81 

1.72 

1.91 

1.81 

1.72 

1.72 

Water  Quality 

1.79 

1.70 

1.70 

1.59 

1.59 

1.66 

1.66 

Erosion  Potential 

1.99 

1.99 

1.83 

1.33 

1.33 

1.33 

1.33 

Unique  Aspects 

1.33 

1.69 

1.38 

0.78 

0.73 

0.75 

0.75 

Scenic  &  Recreation 

0.75 

0.66 

0.60 

0.65 

0.62 

0.87 

0.85 

Contingencies 

0.70 

0.69 

0.63 

0.72 

0.72 

0.61 

0.62 

Noise  Potential 

0.45 

0.38 

0.32 

0.35 

0.35 

0.32 

0.32 

Total                                     15.32         20.24         13.33         12.78  12.91         12.56         12.86 

Rank                                         2                13                6  4                7                5 

Table  6-2-2 

STATISTICAL  GROUPING  OF  TOTAL  ENVIRONMENTAL  SCORES 

Total 
Environmental 

Group          Alternative  Score 

I            Plant  Site  2  20.24 

II           Plant  Site  1  15.32 

III            Plant  Site  3  13.33 

Plant  Site  5  12.91 

Plant  Site  7  12.87 

Plant  Site  4  12.78 

Plant  Site  6  12.56 
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A  panel  of  engineers  selected  10  parameters  representing  physical  factors 
which  influence  operations.  The  panel  further  established  the  relative  weights 
of  each  parameter.  The  parameters  used  to  rank  each  alternative  plant  site 
were: 

Distance  (mine  to  plant) 

Distance  (plant  to  disposal) 

Maximum  elevation  gain  (mine  to  plant) 

Maximum  elevation  gain  (plant  to  disposal) 

Future  ore  usage 

Site  topography 

Distance  to  access  corridors 

Distance  to  water  supply 

Ownership  status 

Prevailing  winds 

Although  no  unit  costs  appear,  the  majority  of  the  parameters  are  directly 
related  to  cost.  The  relative  importance  placed  on  such  items,  therefore, 
includes  a  cost  factor. 

Table  6-2-3  summarizes  the  results  of  the  operational  evaluation  by  the  DARE 
method  with  Plant  Site  2  (Section  28)  having  the  best  operational  score.  The 
DARE  evaluation  indicates  that  Plant  Site  2  (Section  28)  is  the  best  plant 
site  alternative  on  both  operational  and  environmental  bases. 
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Table  6-2-3 
OPERATIONAL  SCORES  OF  ALTERNATIVE  PLANT  SITES 

Plant  Site  Alternative 
Parameter  12  3  4  5 


Distance 

Mine  to  Plant 

1.48 

3.44 

2.98 

3.20 

2.78 

3.44 

1.72 

Plant  to  Disposal 

4.75 

2.46 

1.91 

1.51 

1.42 

1.79 

1.39 

Plant  to  Corridors 

0.60 

0.77 

1.51 

0.25 

0.15 

0.15 

0.05 

Plant  to  Water  Supply 

0.81 

0.45 

0.35 

0.28 

0.27 

0.36 

0.29 

Maximum  Elevation  Gain 

Mine  to  Plant 

2.46 

1.60 

1.24 

1.67 

1.32 

5.24 

2.53 

Plant  to  Disposal 

1.99 

1.99 

1.99 

1.99 

1.59 

1.59 

1.59 

Future  Ore  Usage 

0.72 

0.72 

0.72 

0.72 

0.72 

0.24 

0.48 

Site  Topography 

1.53 

0.66 

0.48 

0.32 

0.42 

0.53 

0.36 

Ownership  Status 

0.84 

0.84 

0.42 

0.42 

0.42 

1.26 

1.26 

Prevailing  Winds 

1.75 

4.67 

3.77 

3.77 

0.87 

0.87 

0.87 

Total   Operational   Score      16.93       17.60       15.37       14.13        9.96       15.47       10.54 
Rank  2  14  5  7  3  6 
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CHAPTER  3 
PHASE  I  PROCESSING  OPERATIONS 


3.1  DESCRIPTION  OF  PHASE  I  PROCESSING  FACILITY  -  STAGE  1 

A.  Scope  of  Processing  Facility  -  The  Phase  I  -  Stage  1  processing  facility 
consists  of  a  commercial  size  TOSCO  II  retorting  plant  and  oil  upgrading  plant 
designed  to  process  10,700  TPSD  of  oil  shale  to  produce  4,500  BPSD  of  pipeline- 
able  shale  oil.  A  portion  of  the  raw  shale  oil  produced  is  thermally  cracked 
and  the  cracked  liquids  are  blended  with  untreated  shale  oil  fractions  to 
produce  the  pipelineable  shale  oil  product. 

Plants  included  in  the  Phase  I  -  Stage  1  Facility  are  listed  in  Table  6-3-1. 

Table  6-3-1 

PHASE  I  -  STAGE  1  PROCESSING  PLANTS 

Plant  Nominal  Capacity 

TOSCO  II  Retorting  10,700  TPSD 

Raw  Oil  Recovery  5,000  BPSD 

Thermal  Cracking  1,700  BPSD 

High  BTU  Gas  Plant  8  MMSCFSD 

Sulfur  Recovery  11  LTPSD 

Product  Oil  Blending  4,500  BPSD 

A  block  flow  diagram  showing  the  flow  of  major  streams  through  the  processing 
facility  is  shown  in  Figure  6-3-1.  Crushed  shale  is  retorted  in  the  TOSCO  II 
plant  and  the  oil  and  light  hydrocarbon  vapors  produced  are  separated  in  the 
raw  oil  recovery  plant  into  gas,  naphtha,  light  gas  oil,  heavy  gas  oil,  and 
residue  fractions.  Heavy  gas  oil  is  charged  to  the  thermal  cracking  plant 
while  the  residue  is  centrifuged  to  remove  shale  dust.  Retort  gas  and  thermal 
cracker  gas  are  separated  in  the  high  BTU  gas  plant  into  a  C3  and  lighter  gas, 
C,s  and  naphtha. 
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Raw  shale  naphtha  and  light  gas  oil  are  blended  with  centrifuged  residue, 
thermally  cracked  distillates,  and  a  portion  of  the  C.  liquid  to  produce  an 
oil  product  which  can  be  shipped  from  Tract  C-a  through  an  unheated  pipeline. 
The  gas  is  desulfurized  in  the  sulfur  recovery  plant  to  provide  fuel  for  the 
facility.  The  remaining  C»  liquid  is  used  as  fuel  or  is  burned  in  a  thermal 
oxidizer. 

B.  Retorting  Plant  -  The  oil  shale  retorting  process  known  as  the  TOSCO  II 
process  is  a  proprietary  process  of  The  Oil  Shale  Corporation.  A  flow  diagram 
of  the  process  is  shown  in  Figure  6-3-2.  Raw  oil  shale,  which  has  been  crushed 
to  minus  3/8-inch  particles,  is  pre-heated  by  direct  heat  exchange  with  hot 
flue  gas  from  a  ceramic  ball  heater.  Preheated  shale  is  separated  from  the 
flue  gas  in  settling  chambers  and  cyclones  and  sent  to  a  rotating  drum  retort. 
Hot  flue  gas  is  incinerated  within  the  preheat  system  to  reduce  trace  hydro- 
carbon concentration  to  less  than  about  90  ppm.  Flue  gas  from  the  preheat 
system  is  passed  through  a  high  energy  venturi  scrubber  to  remove  shale  dust 
before  being  vented  to  the  atmosphere  at  a  temperature  of  about  130°F. 

Retorting  is  accomplished  in  the  rotary  drum  by  solid  to  solid  heat  exchange 
between  preheated  shale  and  hot  ceramic  balls,  evolving  shale  oil  vapors, 
which  are  separated  from  the  mixture  of  balls  and  processed  shale  and  processed 
in  the  raw  oil  recovery  plant.  Processed  shale  is  then  separated  from  ceramic 
balls  by  a  rotating  trommel  screen.  Warm  flue  gas  from  a  steam  superheater  is 
used  to  remove  residual  dust  from  the  ceramic  balls  which  are  then  circulated 
back  by  means  of  a  bucket  elevator  to  the  ball  heater  where  they  are  reheated 
and  returned  to  the  retorting  drum.  Dust  removed  from  the  ceramic  balls  is 
separated  from  the  flue  gas  by  a  high  energy  venturi  scrubber. 

Processed  shale  is  cooled  in  a  rotary  drum  cooler  and  is  then  conditioned  for 
disposal  by  moisturizing  with  spent  processing  water  to  a  water  content  of 
about  14  percent.  Shale  dust  incidentally  produced  in  the  moisturizing  opera- 
tion is  trapped  in  a  venturi  wet  scrubber. 

C.  Basis  of  Oil  Upgrading  Method  -  The  primary  purpose  of  the  Phase  I  -  Stage 
1  processing  facility  is  to  demonstrate  the  operation  of  a  commercial  size 
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TOSCO  II  retorting  plant.  Oil  obtained  from  a  single  retort,  however,  is  not 
a  large  enough  quantity  to  be  considered  a  significant  commercial  oil  produc- 
tion. The  oil  will  be  upgraded,  therefore,  only  to  the  extent  necessary  to 
pipeline  the  product  away  from  the  tract.  In  order  to  obtain  the  required 
pipeline  flow  properties,  the  gas  oil  fraction  of  the  raw  shale  oil,  having  a 
boiling  range  between  650°F  and  900°F,  is  thermally  cracked.  The  cracked 
distillates  are  then  blended  with  raw  shale  oil  naphtha,  residue,  and  C.s  to 
produce  the  pipelineable  shale  oil  product. 

D.  Raw  Oil  Recovery  Plant  -  The  raw  oil  recovery  plant  is  designed  to  separ- 
ate the  shale  oil  produced  by  the  TOSCO  II  retorting  plant  into  several  frac- 
tions required  for  the  Phase  I  oil  upgrading  method.  A  flow  diagram  of  the 
plant  is  shown  in  Figure  6-3-3. 

Vapors  from  the  TOSCO  II  retorting  plant  are  charged  to  a  fractionation  system 
where  the  raw  shale  oil  is  separated  into  gas,  naphtha,  light  gas  oil,  heavy 
gas  oil  and  residue  streams.  Gas  is  sent  to  the  high  BTU  gas  plant  while 
naphtha  and  light  gas  oil  streams  are  sent  to  a  product  oil  blending  system 
where  the  various  oil  fractions  are  combined  into  pipeline  quality  oil  product. 
The  heavy  gas  oil  stream  is  sent  to  the  thermal  cracking  plant. 

The  shale  oil  residue  from  the  fractionation  system  contains  ash  and  shale 
dust  carried  over  from  the  TOSCO  II  retorting  plant.  These  solids  must  be 
removed  before  the  residue  can  be  blended  into  the  oil  product  in  order  to 
avoid  pumping  and  storage  problems  associated  with  high  solids  oil.  Solids 
separation  is  accomplished  in  a  continuous  flow  centrifuge.  Clarified  oil  is 
sent  to  the  product  oil  blending  system  and  sludge  from  the  centrifuge,  contain- 
ing solids  and  some  associated  oil,  is  returned  to  the  retorting  plant  where 
it  is  injected  into  the  TOSCO  II  retort. 

E.  Thermal  Cracking  Plant  -  A  thermal  cracking  process  is  used  to  convert  the 
high  pour  point  heavy  shale  gas  oil  to  low  pour  point  distillates.  A  flow 
diagram  of  the  thermal  cracking  plant  is  shown  in  Figure  6-3-4.  Heavy  gas  oil 
from  the  raw  oil  recovery  plant  and  recycle  oil  are  fed  to  a  fired  heater 
where  the  oil  is  heated  and  cracked  under  controlled  conditions.  Effluent 


6-3-5 


A     it 


cr  o- 

Ul 

(— o 


i_l 


H31SAS 
NO  liVNO  I13V4JJ 


1 

i 

u 

=D 

Q 

O 

O 

OS 

Z 

Q_ 

a 

o 

z 

_i 

UJ 

83 

=D 

O 

_J 

LO 

O 

UJ 

cr 

UJ 

3 

Li. 

QC 

5 

LU 

CJ 

CO 

i 

a> 

s- 


>- 
Od 


o 

cd 


cd 


C3 


® 


6-3-6 


ft  ft                     •     •    • 

1 

I         4 

1              i 

1          i 

(_ 

c 
c 
tt 
a 

c 
c 

OIL  BLENDING 
WATER  TO 

API  SEPARATOR 
SIDUE  TO  PRODUCT 

o 

z 

o 
-z 

UJ 

_J 

XI 

_J 

o 

o 

UJ 

o 

or 

*y 

z 

z 

o 

o 

o 

z 

o 

z 

z 

i_> 

Q_ 

CD 

z 

UJ 

_l 

z 

3 

o_ 

UJ 

31 

V 

t/i 

1/1 

_J 

o 

lO 

I     >7\ 

k- 

z 

cc 

o 

CI 

UJ 

t_> 

r            VL«r 

_J 

a. 

CI 

\        v.    ^ 

3 

^ 

o 

I/) 

en 

tr 

el 

_l 

o 

a. 

LD 

^ 

PC 

x» 

o 

a_ 

o 

i 

o 

3f               ' 

20 

o 

*" 

_i 

>k 

X 

ei 

o 

/T\ 

o 

en 
UJ 

X 

to 

i 

V  <x^  / 

i 

X 

t— 

X 

Cl 

\v.    J 

i 

E            T           3 

CI 

a. 

O 

o 

3 

d 

t/)      ^     ^V     CD 

to 

X 

* 

o 

_J 

^7 

i                          ajiiiui  niiiuvn 

-      J 

«f 

Kl 

_J  (-3 

5Z£   J 

1 

I 

I 

T<  uj 

i-ai 

CE 

m                                         i 

\ 

n 

T  ^ 

s^      ^> 

« 

i 

i 

— \^    ^5> 

_* 

OE 

3 

o 

UJ  CI 

-JO 

""' 

«t 

u_  t— 

a: 

Q. 

■* 

J 

1 

B-5 

,        c 

O   L 
<C   0 

OO 

J 
O 

k 

* — 

> 

t 

I 

L  ■  1   jp 

o  t 

3             _J 

r 

> 

r^ 

aoivNO  uovaj 

\__ 

t 

et 

1 

f 

] 

1 

s:  o 
oo 

CE  fNJ  _l  >- 

_fc     u.       —or 

/W\           ZOuJ 

(#)±o3g 

UCUJ 

i/i  uj      or 

CI  tO 

o 

_J 


O 

< 

o 

I      _l 
CO     <=t 

■     2: 

UJ 

O)       31 

S-      I— 

•r-        O 


6-3-7 


from  the  heater  flows  to  a  fractionator  where  gas,  naphtha,  light  gas  oil, 
heavy  gas  oil,  and  residue  streams  are  produced.  The  residue  stream  is  further 
separated  in  a  vacuum  tower  into  gas  oil  and  tar  fractions.  Gas  oil  from  the 
fractionator  and  vacuum  tower  are  mixed  with  fresh  feed  and  recycled  to  the 
cracking  heater. 

Products  from  the  thermal  cracking  plant  include  gas,  naphtha,  light  gas  oil 
and  cracked  tar.  Gas  product  is  sent  to  the  high  BTU  gas  plant;  and  the 
cracked  liquid  products  are  sent  to  the  product  oil  blending  system. 

F.  High  BTU  Gas  Plant  -  Gases  from  the  fractionator  of  the  raw  oil  recovery 
plant  and  from  the  thermal  cracking  plant  are  sent  to  the  high  BTU  gas  plant 
to  separate  light  naphtha  components  and  C.s  and  to  prepare  a  C3  and  lighter 
gas  stream.  A  flow  diagram  of  the  high  BTU  gas  plant  is  shown  in  Figure  6- 
3-5.  Gas  is  compressed  and  charged  to  an  absorber  where  propane  and  heavier 
components  are  absorbed.  Rich  oil  from  the  absorber  is  stripped  and  the 
vapors  are  debutanized.  A  portion  of  the  lean  oil  is  sent  to  the  product 
blending  system  and  the  remainder  is  recycled  to  the  absorber.  The  C--C, 
fraction  from  the  debutanizer  is  depropanized  and  the  C3  fraction  is  added  to 
the  absorber  overhead  which  then  flows  to  the  sulfur  recovery  plant  for  removal 
of  hydrogen  sulfide.  A  portion  of  the  C,  fraction  is  blended  with  the  product 
oil  while  the  remainder  is  used  either  for  fuel  or  is  burned  in  the  thermal 
oxidizer. 

G.  Sulfur  Recovery  Plant  -  Gas  recovered  in  the  high  BTU  gas  plant  contains 
hydrogen  sulfide  produced  by  oil  shale  retorting  and  thermal  cracking  reactions 
In  addition,  gases  resulting  from  steam  stripping  of  water  recovered  from  the 
raw  oil  recovery  and  thermal  cracking  plants  contain  hydrogen  sulfide.  In 
order  to  minimize  release  of  sulfur  compounds  to  the  atmosphere,  these  gases 
are  treated  in  the  sulfur  recovery  plant.  The  Stretford  Process,  licensed  by 
the  British  Gas  Corporation,  is  used  to  absorb  hydrogen  sulfide  from  the  gas 
and  convert  it  to  elemental  sulfur.  Gas  is  contacted  in  a  tower  with  a  solu- 
tion which  absorbs  hydrogen  sulfide.  The  spent  solution  is  regenerated  with 
air  and  then  recycled  to  the  absorber. 
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A  flow  diagram  of  the  sulfur  recovery  plant  is  shown  in  Figure  6-3-6.  Gas 
from  the  high  BTU  gas  plant  is  contacted  with  Stretford  solution  in  one  absorber; 
gas  from  the  foul  water  stripper  is  treated  in  a  second  absorber.  Rich  solutions 
from  both  absorbers  are  sent  to  a  common  regenerator  where  elemental  sulfur  is 
recovered.  Purified  gas  is  used  as  fuel  for  the  processing  facility  while 
elemental  sulfur  is  produced  in  molten  form  for  shipment  from  the  tract. 

H.  Support  Systems  -  Systems  included  in  this  area  are  as  follows: 

Water  Treatment 

Steam  Generation 

Cooling  Water 

Water  Chemical  Treatment 

Oily  Water  Treatment 

Compressed  Air  and  Inert  Gas 

Emergency  Power 

Fire  Water 

Thermal  Oxidizer  and  Flare 

Foul  Water  Stripping 


1.  Water  Treatment  -  Raw  water  is  needed  in  the  processing  facility  to 
supply  processing,  cooling  tower,  steam  generation,  and  miscellaneous  uses. 
The  lime-zeolite  system  used  to  prepare  boiler  feed  water  is  illustrated  in 
Figure  6-3-7. 

2.  Steam  Generation  -  Steam  systems  provided  for  the  processing  facility 
are  illustrated  in  Figure  6-3-8.  Saturated  400  psig  and  175  psig  steam  is 
generated  in  the  processing  facility.  The  400  psig  steam  's  superheated  and 
then  used  in  back  pressure  steam  turbine  drivers.  Saturated  175  psig  and  60 
psig  steam  is  used  for  process  heating  and  for  support  system  requirements. 
Steam  loads  on  the  175  and  60  psig  steam  systems  are  balanced  by  400/175  and 
400/60  psig  desuperheating  stations.  Any  low  pressure  steam  which  may  be  in 
excess  under  transient  conditions  is  condensed  by  air  coolers.  A  boiler 
generating  400  psig  steam  is  provided  for  startup  purposes. 
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3.  Cooling  Water  -  A  conventional  cooling  tower  system  as  illustrated  in 
Figure  6-3-9  is  provided  to  supply  cooling  water  to  the  processing  facility. 
Cooling  water  quality  is  monitored  and  controlled  by  an  automatic  chemical 
system.  Blowdown  waters  from  the  boilers  and  cooling  tower  are  used  to  moisturize 
processed  shale. 

4.  Water  Chemicals  -  Storage,  handling  and  pumping  systems  are  provided 
for  conventional  chemicals  used  in  softening  water  and  for  boiler  and  cooling 
tower  water  quality  control. 

5.  Oily  Water  Treatment  -  Condensate  from  steam  jet  ejectors  in  the 
thermal  cracking  plant  is  sent  to  an  API  separator  system  consisting  of  a 
surge  pond,  API  separator  and  retention  pond.  In  addition,  oily  water  washed 
from  process  plant  pads  or  from  accidental  leaks  is  sent  to  the  API  separator 
system  through  an  oily  water  sewer.  Separated  oil  is  returned  to  the  raw  oil 
recovery  plant  and  any  sludge  collected  is  removed  periodically  and  burned  in 
the  thermal  oxidizer.  Effluent  from  the  API  separator  flows  to  a  retention 
pond  where  it  is  skimmed  to  remove  residual  surface  oil.  Oil  is  recycled  to 
the  raw  oil  recovery  plant  and  clear  water  is  sent  to  the  processed  shale 
moisturizing  system.  A  flow  diagram  of  an  API  separator  is  shown  in  Figure 
6-3-10. 

6.  Air  and  Inert  Gas  -  A  plant  and  instrument  air  system,  as  illustrated 
in  Figure  6-3-11,  is  provided  to  supply  compressed  air  to  the  processing 
facility.  Air  is  compressed,  cooled,  and  stored  in  a  receiver.  Part  of  the 
air  is  dried  and  filtered  for  instrument  air  use.  Inert  gas  is  supplied  by  an 
inert  gas  generator  system  where  purified  fuel  is  burned  to  produce  a  flue  gas 
of  low  oxygen  content  for  blanketing  or  other  plant  uses. 

7.  Emergency  Electric  Power  -  The  processing  facility  is  supplied  with 
electric  power  from  an  outside  power  system.  A  diesel  powered  emergency 
generator  is  provided,  however,  to  insure  electric  power  for  essential  plant 
systems  in  the  event  of  loss  of  normal  electric  power  supply.  This  permits 
continued  operation  during  brief  power  outages  and  insures  orderly  shutdown  of 
the  equipment  in  case  of  extended  power  interruption. 
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8.  Firewater  -  The  firewater  system  provided  for  the  processing  facility 
includes  a  firewater  storage  tank  of  1.1  million  gallon  capacity,  firewater 
pumps,  and  distribution  system.  Electric  driven  and  diesel  driven  pumps  are 
included  plus  an  electric  driven  jockey  pump.  Fire  trucks,  foam  trailers  and 
associated  equipment  are  also  provided  as  part  of  the  fire-fighting  system. 
The  firewater  storage  is  equivalent  to  six  hours  pumping  at  the  maximum  rate. 

9.  Thermal  Oxidizer  and  Flare  -  A  thermal  oxidizer  system  is  included  in 
the  support  systems  to  handle  disposal  of  minor  oil  or  gas  waste  products 
which  cannot  practically  be  recycled  to  the  process.  Sludge  removed  from  the 
API  separator,  any  excess  fuel  gas,  and  tail  gases  from  the  sulfur  recovery 
plant  are  sent  to  the  thermal  oxidizer.  In  addition,  a  part  of  the  oil- 
containing  solids  separated  from  the  shale  oil  residue  during  centrifuging  may 
also  be  sent  to  the  thermal  oxidizer  if  operating  experience  shows  that  this 
material  cannot  be  recycled  completely  to  the  TOSCO  II  retort.  At  the  present 
time,  it  is  expected  that  all  of  the  oil-containing  solids  from  the  centrifuge 
will  be  recycled  to  the  retort.  A  flare  system  will  be  used  to  dispose  of 
liquids  or  gases  that  are  unavoidably  in  excess  during  plant  startup,  shutdown, 
or  emergency  conditions.  These  materials  are  thus  burned  before  emission  to 
the  atmosphere  during  these  circumstances. 

10.  Foul  Water  Stripper  -  Water  collected  from  the  raw  oil  recovery, 
thermal  cracking,  and  high  BTU  gas  plants  are  stripped  with  steam  to  remove 
dissolved  hydrogen  sulfide  and  ammonia.  Gases  from  the  stripper  overhead  are 
sent  to  the  sulfur  recovery  plant  while  the  stripped  water  is  used  to  moisture 
spent  shale. 

I.  Overall  Material  Balance  -  The  Phase  I  -  Stage  1  processing  facility  is 
designed  to  process  10,700  TPSD  of  oil  shale  having  a  Fischer  Assay  of  20 
gallons  per  ton.  The  process  plants  convert  crushed  raw  shale  into  4,500  BPSD 
of  pipelineable  shale  oil  which  is  the  primary  product  and  about  11  LTPSD 
of  by-product  elemental  sulfur.  The  overall  material  balance  for  the  operation 
is  summarized  in  Table  6-3-2. 
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28.6 

8.0 

maximum 

800 

maximum 

30 

maximum 

11 

11,000 

Table  6-3-2 

PHASE  I  -  STAGE  1  OVERALL  MATERIAL  BALANCE 

Oil  Shale 

Feedrate,  TPSD  10,700 

Fischer  Assay,  GPT  20 

Pipelineable  Shale  Oil  Product 

Production  Rate,  BPSD  4,500 

Properties 

°API 

True  Vapor  Pressure,  psia 

Viscosity,  SSU  @  30°F 

Pour  Point°F 

Sulfur  By-product 

Production  Rate,  LTPSD 

Moisturized  Processed  Shale 
Production  Rate,  TPSD 

J.  Utility  Requirements 

1.  Electric  Power  -  The  estimated  rate  of  electric  power  consumption  of 
the  processing  facility  is  approximately  12,000  kilowatt-hours/hour,  a  breakdown 
of  which  is  summarized  in  Table  6-3-3.  Retorting,  gas  recovery,  and  support 
systems  are  the  principal  power  users. 

Table  6-3-3 

PHASE  I  -  STAGE  1  PROCESSING  FACILITY 
ESTIMATED  ELECTRIC  POWER  CONSUMPTION 

Plant  Power  Consumption,  KWH/H 

Retorting  Plant  8,200 

Raw  Oil  Recovery  Plant  150 

Thermal  Cracking  Plant  150 

High  BTU  Gas  Plant  1,600 

Sulfur  Recovery  Plant  1,000 

Support  Systems  700 

Total  11,800 
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2.  Fuel  Balance  -  During  normal  operation  of  the  processing  facility, 
all  fuel  required  for  processing  is  made  and  purified  entirely  within  the 
complex.  The  normal  operating  fuel  is  a  purified  high  BTU  gas  having  a  heating 
value  of  about  1,100  BTU/SCF,  LHV.  An  estimated  typical  fuel  production- 
consumption  schedule  is  shown  in  Table  6-3-4. 


Table  6-3-4 
PHASE  I  -  STAGE  1  PROCESSING  FACILITY  FUEL  BALANCE 
Plant  Description  Fuel  Gas,  MM  BTU/H  (LHV) 


Produced 

Consumed 

Retorting  Plant 

285 

Raw  Oil  Recovery  Plant 

- 

Thermal  Cracking  Plant 

34 

High  BTU  Gas  Plant 

8 

Sulfur  Recovery  Plant 

366 

- 

Support  Systems 

- 

39 

Total 


366 


366 


3.  Cooling  Water  -  Retorting  and  oil  upgrading  plants  in  the  processing 
facility  require  cooling  water  to  absorb  heat  which  cannot  be  recovered  for 
use  in  the  complex  or  absorbed  by  air  fan  coolers.  Cooling  water  is  circulated 
through  a  wet  cooling  tower  system  to  reject  this  heat  to  the  atmosphere.  A 
summary  of  cooling  water  usage  is  given  in  Table  6-3-5. 


Table  6-3-5 

PHASE  I  -  STAGE  1  PROCESSING  FACILITY 
ESTIMATED  COOLING  WATER  CIRCULATION 


Section 


Total 


Cooling  Water  Circulation,  gpm 


TOSCO  II  Retorting  Plant 

100 

Raw  Oil  Recovery  Plant 

- 

Thermal  Cracking  Plant 

1,500 

High  BTU  Gas  Plant 

900 

Sulfur  Recovery  Plant 

300 

Support  Systems 

800 

3,600 
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4.  Water  Balance  -  The  following  summary  describes  the  disposition  of 
water  involved  in  the  normal  operation  of  the  Phase  I  -  Stage  1  processing 
facility: 


Output 


5jm 


Acre-feet/year* 


Water  on  processed  s 

lale 

251 

365 

Retort  vent  gas  loss 

357 

520 

Cooling  tower  loss 

171 

250 

Miscellaneous  loss 

17 

25 

Total  output 

796 

1160 

Input 

Raw  water  intake 

669 

975 

Free  moisture  on  raw 

shale 

27 

40 

Water  produced  in  retorting 

100 

145 

Total  input 

796 

1160 

*Based  on  90%  operating  factor 

The  raw  water  intake  is  approximately  670  gpm,  equivalent  to  about  975  acre- 
feet  per  year.  An  additional  130  gpm  is  available  from  the  free  moisture  on 
raw  shale  and  water  produced  in  the  retorting  plant.  Approximately  40%  of  the 
total  water  input  is  consumed  in  moisturizing  processed  shale.  Evaporation 
losses  from  retorting  and  cooling  tower  operation  use  essentially  all  the 
remaining  water  input.  Only  a  minor  amount  of  water  is  chemically  converted 
in  the  sulfur  plant  in  producing  elemental  sulfur.  The  raw  water  requirement 
of  the  Phase  I  -  Stage  1  processing  facility  will  be  supplied  by  mine  dewatering 
operations  and  supplemental  wells  as  required. 


3.2  PHASE  I  PROCESSING  EMISSIONS  AND  CONTROL  -  STAGE  1 

This  section  identifies  emission  sources  from  the  process  plants  of  the  Phase 
I  -  Stage  1  processing  facility  and  describes  pollution  control  techniques 
applied  to  these  sources.  The  location  of  processing  plants  and  stacks  are 
shown  on  Figure  6-5-1. 
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A.  Atmospheric  Emissions 

1.  Fuel  Source  -  Fuel  required  for  the  processing  facility  is  supplied 
entirely  by  high  BTU  gas  which  is  produced  by  retorting  and  thermal  cracking, 
and  is  purified  by  removal  of  contained  hydrogen  sulfide  and  ammonia.  Under 
normal  operating  conditions,  it  is  not  necessary  to  burn  raw  shale  oil  frac- 
tions or  oil  product.  A  low  sulfur  petroleum  fuel  oil  will  be  used  to  start 

up  the  processing  facility  or  for  transient  conditions  when  sufficient  purified 
fuel  gas  is  not  available. 

2.  Retorting  Plant  -  The  TOSCO  II  retorting  plant  includes  shale  pre- 
heating, ball  heating  and  circulation,  retorting,  and  spent  shale  conditioning 
systems.  The  sources  of  atmospheric  emissions  in  this  plant  are  described 
below. 

a.  Raw  Shale  Preheat  System  Stack  -  Hot  flue  gas  from  the  ball 
heater  and  the  incinerator  is  used  to  preheat  raw  shale  and  is  then  vented  to 
the  atmosphere.  The  ball  heater  and  incinerator  are  fired  with  purified  high 
BTU  fuel  gas.  The  small  amount  of  sulfur  compounds  remaining  in  the  fuel  gas 
after  purification  forms  sulfur  dioxide  when  the  gases  are  burned  in  the  ball 
heater  combustion  chamber  and  in  the  incinerator.  In  addition,  some  nitrogen 
oxides  are  formed  during  combustion,  primarily  as  a  result  of  thermal  reaction 
between  molecular  oxygen  and  nitrogen,  commonly  referred  to  as  Thermal  NO  . 
The  ball  heater  and  incinerator,  however,  are  fired  at  relatively  low  flame 
temperature  for  process  reasons  and  this  tends  to  reduce  Thermal  NO  formation. 

A 

The  hot  flue  gas  picks  up  shale  dust  and  hydrocarbons  as  it  passes  through  the 
shale  preheat  system  in  direct  contact  with  raw  shale.  The  incinerator  is 
designed  to  reduce  the  hydrocarbon  content  of  the  flue  gas  to  about  50  to  90 
ppm.  The  entrained  shale  dust  is  removed  by  a  high  energy  venturi  scrubber  to 
the  extent  of  99.6  to  99.9%.  Wet  scrubbing  of  the  flue  gases  causes  the  raw 
shale  preheat  stack  to  emit  water  vapor  as  a  visible  plume  under  certain 
atmospheric  conditions.  Estimates  of  emissions  from  this  stack  are  given  in 
Table  6-3-6. 
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The  wet  scrubber  produces  a  slurry  of  raw  shale  dust  (approximately  1.3%  of 
retort  feed)  and  water.  This  slurry  is  sent  to  a  clarifier  where  excess  water 
is  separated  and  recycled  to  the  scrubber.  Thickened  sludge  from  the  clarifier 
is  sent  to  processed  shale  disposal. 

b.  Steam  Superheater  -  Ball  Circulation  System  Stack  -  TOSCO  II 
retorting  plant  contains  a  steam  superheater  fired  with  purified  high  BTU  gas. 
Hot  flue  gas  from  the  superheater  is  used  to  remove  residual  processed  shale 
dust  from  the  ball  circulation  system.  Small  quantities  of  processed  shale 
dust  from  vents  on  the  ball  heater  are  combined  with  the  dusty  flue  gas  from 
the  ball  circulation  system.  Cyclones  and  a  high  energy  venturi  wet  scrubber 
are  used  to  remove  shale  dust  from  the  combined  flue  gas  before  it  is  vented. 
The  stack  may  also  emit  a  visible  plume  under  certain  atmospheric  conditions. 
Estimates  of  emissions  from  this  stack  are  given  in  Table  6-3-6. 

Shale  dust-water  slurry  from  the  wet  scrubber  is  clarified  and  the  sludge  is 
sent  to  processed  shale  disposal. 

c.  Processed  Shale  Moisturizing  System  Stack  -  Steam  generated  in 
the  process  of  cooling  and  moisturizing  processed  shale  is  sent  to  a  high 
energy  venturi  scrubber  where  entrained  shale  dust  is  removed.  The  processed 
shale  moisturizing  stack  emits  water  vapor  as  a  visible  plume  and  some  residual 
shale  dust.  Estimates  of  emissions  from  this  stack  are  given  in  Table  6-3- 

6. 

Shale  dust-water  slurry  from  the  scrubber  is  clarified  and  the  sludge  is  sent 
to  processed  shale  disposal. 

3.  Raw  Oil  Recovery  Plant  -  There  are  no  emissions  of  atmospheric  contami- 
nants directly  from  this  plant.  Oil  vapors  are  condensed  and  fractionated  in 

a  closed  system. 

4.  Thermal  Cracking  Plant  -  The  thermal  cracking  plant  processes  raw 
shale  heavy  gas  oil  to  provide  cracked  oil  blending  components  for  the  pipeline 
quality  oil  product.  The  major  source  of  atmospheric  emissions  is  in  the 


6-3-24 


cracking  feed  heater  which  is  fired  with  purified  high  BTU  Gas.  Estimates  of 
emissions  from  the  stack  of  this  heater  are  given  in  Table  6-3-6.   In  the 
product  recovery  area  of  the  thermal  cracker,  a  small  stream  of  hydrocarbon- 
containing  gas  is  ejected  from  the  vacuum  system  which  controls  pressure  in 
the  vacuum  tower.  This  gas  stream  is  sent  to  the  thermal  oxidizer. 

5.  High  BTU  Gas  Plant  -  This  plant  separates  vapors  from  the  raw  oil 
recovery  plant  into  a  C3  and  lighter  fuel  gas,  a  liquid  C,  fraction,  and  a 
liquid  C5  plus  fraction.  The  debutanizer  tower  reboiler  in  this  plant  is 
fired  with  purified  high  BTU  fuel  gas  and  flue  gases  from  the  reboiler  stack 
are  the  only  atmospheric  emissions  from  this  plant.  Estimates  of  these 
emissions  are  given  in  Table  6-3-6. 

6.  Sulfur  Recovery  Plant  -  The  sulfur  recovery  plant  is  one  of  the  major 
emission  control  processes  used  in  the  Phase  I  processing  facility.  Gas  from 
the  high  BTU  Gas  Plant  is  contacted  with  Stretford  solution  in  an  absorber 
tower  in  order  to  remove  hydrogen  sulfide.  Purified  gas  from  the  absorber  is 
used  as  fuel  for  the  processing  facility.  Gas  from  the  foul  water  stripper 

is  desulfurized  in  a  second  Stretford  absorber.  Stretford  solution  from  both 
absorbers  is  regenerated  in  an  oxidizer  vessel. 

There  are  three  waste  gas  streams  from  the  sulfur  recovery  plant: 

•  Spent  air  from  the  oxidizer 

•  Residual  gas  from  the  second  Stretford  absorber 

•  Vacuum  pump  exhaust 

All  of  these  streams  are  sent  to  the  thermal  oxidizer. 

7.  Support  Systems  -  The  support  systems  include  a  foul  water  stripping 
system  to  remove  hydrogen  sulfide  and  ammonia  from  water  recovered  from  raw 
oil  recovery  and  thermal  cracking  plants.  This  system  is  a  major  atmospheric 
emission  control  process  since  it  removes  these  contaminants  from  water  which 
is  ultimately  used  for  moisturizing  processed  shale.  Gas  from  the  stripper  is 
first  sent  to  a  Stretford  absorber  in  the  sulfur  recovery  plant  for  removal  of 
hydrogen  sulfide  and  is  then  burned  in  the  thermal  oxidizer. 
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The  steam  superheater  and  the  thermal  oxidizer  are  the  principal  sources  of 
atmospheric  emissions  in  the  support  systems.  The  steam  superheater  is  fired 
with  purified  high  BTU  gas  while  the  thermal  oxidizer  burns  tail  gases  from 
the  sulfur  recovery  plant,  any  excess  fuel  gas  and  C«s,  and  sludge  from  the 
API  separator.  Flue  gas  from  the  thermal  oxidizer  is  scrubbed  to  remove 
solids  which  are  disposed  of  with  processed  shale.  The  flue  gas  is  then 
discharged  through  the  steam  superheater  stack.  Estimates  of  emissions  from 
these  stacks  are  given  in  Table  6-3-6. 

Tankage  for  storage  of  intermediate  and  final  oil  products  is  required  for 
proper  operation  of  the  processing  facility.  Vapor  losses  from  storage  tanks 
are  controlled  by  using  floating  roof  tanks  for  the  more  volatile  oils. 
Descriptions  of  the  storage  tanks  and  estimates  of  tank  vapor  losses  are  given 
in  Table  6-3-7. 

B.  Disposal  of  Solid  Wastes  Other  than  Processed  Shale  -  Apart  from  processed 
shale,  the  Phase  I  -  Stage  1  processing  facility  generates  only  minor  amounts 
of  solid  waste  materials.  Small  amounts  of  lime  sludge  and  spent  zeolite 
water  softening  resins  from  the  water  treatment  system  will  be  discarded  with 
processed  shale.  The  estimated  quantities  of  these  materials  for  Phase  I  - 
Stage  1  are: 

•  Spent  zeolites  --  600  pounds  per  year 

•  Lime  sludge  (water  free  solids)  --  60  pounds  per  hour 

Thickened  sludge  collected  from  the  TOSCO  II  retorting  plant  wet  scrubbers  and 
from  the  thermal  oxidizer  wet  scrubber  will  also  be  disposed  of  with  processed 
shale. 

C.  Processing  Water  -  One  of  the  major  objectives  of  the  design  of  the  Phase 

I  processing  facility  is  to  avoid  the  discharge  of  spent  processing  water  into 
the  environment.  Water  recovered  from  the  processing  plants  and  support 
systems  will  be  either  recycled  within  the  facility  or  utilized  to  moisturize 
the  processed  shale.  A  part  of  this  water  may  eventually  evaporate  but  the 
major  part  will  remain  in  the  processed  shale  embankment. 
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Table  6-3-7 
PHASE  I  -  STAGE  1  PROCESSING  FACILITY  ESTIMATED  TANK  VAPOR  LOSSES 


Tank  Description 

Fuel 

Product 

Heavy 

Thermal 

Naphtha 

Oil 

Oil 

Oil 

Cracker 

Storage 

Storage 

Storage 

Storage 

Feed 
Storage 

Tank  Service 

Diesel 

Product 

Residue 

Gas 

Naphtha 

Oil 

Shale 
Oil 

Oil 

Tank  Data 

Number 

1 

2 

1 

1 

1 

Dimensions,  ft 

60  0x42 

100  0x36 

60  0x42 

60  0x42 

20  0x18 

Capacity,  BBL  each 

20,000 

50,000 

20,000 

20,000 

1,000 

Type 

Cone 

Floating 

Cone 

Cone 

Floating 

Roof 

Roof  ' 

Roof 

Roof 

Roof 

Storage  Temp  °F 

100 

55 

600 

400 

100 

Avg.  Outage,  % 

50 

50 

50 

50 

50 

Annual  Turnovers 

5 

50 

10 

12 

5 

Vapor  Pressure  of 

Contents,  psia 

0.1 

max.  2.5 

0.1 

0.5 

5.5 

Tank  Vapor  Losses, 

BBL/yr 

Each 

42.0 

max.  85.1 

36.9 

162.6 

24.6 

Total 

42.0 

max. 170. 2 

36.9 

162.6 

24.6 
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D.  Trace  Elements  -  Trace  elements  present  in  raw  shale  which  are  not  recovered 
in  the  oil  product  will  ultimately  be  returned  to  the  environment  via  one  or 
more  of  the  waste  streams  from  the  facilities.  Recent  concerns  have  been 
expressed  that  harmful  concentrations  of  trace  elements  could  result  from 
plant  effluent  streams.  Rio  Blanco  Oil  Shale  Project  has  conducted  trace 
metals  analyses  for  the  elements  arsenic,  antimony,  boron,  cadmium,  fluorine, 
mercury,  and  selenium  as  required  by  the  lease.  The  results  of  these  analyses 
are  described  in  Section  3,  Chapter  3;  Baseline  Conditions,  Geology. 

In  addition  to  quantitative  analyses,  further  work  has  been  done  at  Colorado 
School  of  Mines  to  associate  the  occurrence  of  these  elements  with  the  various 
minerals  present  in  raw  shale.  This  work  is  also  discussed  in  Section  3, 
Chapter  3.  Finally,  Rio  Blanco  Oil  Shale  Project  is  in  the  process  of  carry- 
ing out  a  program  to  estimate  the  disposition  of  trace  elements  throughout  the 
retorting  and  upgrading  steps.  The  results  of  this  work  will  be  used  to 
ensure  that  plant  emissions  will  comply  with  any  regulations  concerning  trace 
element  emissions. 


3.3  DESCRIPTION  OF  PHASE  I  PROCESSING  FACILITY  -  STAGE  2 

Scope  of  Processing  Facility  -  The  Stage  2  processing  facility  consists  of 
additional  retorting  and  oil  upgrading  plants  identical  to  the  Stage  1  pro- 
cessing facility.  Oil  shale  is  retorted  in  two  11,000  TPSD  TOSCO  II  retorting 
plants.  Heavy  gas  oil  recovered  from  the  raw  oil  recovery  plants  is  charged 
to  two  thermal  cracking  plants  where  cracked  distillates  are  produced  and  then 
blended  with  raw  naphtha,  light  gas  oil  and  residue  fractions  to  produce 
pipeline  quality  oil . 

The  overall  material  balance  for  the  Stage  2  facility  is  shown  in  Table 
6-3-8,  together  with  selected  properties  of  the  oil  product. 
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Table  6-3-8 
PHASE  I  -  STAGE  2  OVERALL  MATERIAL  BALANCE 


Oil  Shale 

Feedrate,  TPSD  21,400 

Fischer  Assay,  GPT  20 

Pipelineable  Shale  Oil  Product 

Production  Rate,  BPSD  9,000 

Properties 

°API  28.6 

True  Vapor  Pressure,  psia  8.0  maximum 

Viscosity,  SSU  @  30°F  800  maximum 

Pour  Point,  °F  30  maximum 

Sulfur  By-product 

Production  Rate,  LTPSD  22 

Moisturized  Processed  Shale 

Production  Rate,  TPSD  22,000 


3.4  PHASE  I  PROCESSING  EMISSIONS  AND  CONTROL  -  STAGE  2 

Atmospheric  Emissions,  Solid  Wastes,  Water  -  Emission  sources  for  the  Stage  2 
processing  facility  are  identical  to  those  of  Stage  1.  Stack  gas  flowrates, 
however,  are  twice  those  of  Stage  1  since  two  identical  sets  of  retorting  and 
upgrading  plants  will  be  in  operation. 
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CHAPTER  4 
PHASE  II  PROCESSING  OPERATIONS 


4.1   DESCRIPTION  OF  PHASE  II  PROCESSING  FACILITY 

A.   Scope  of  Processing  Facility  -  The  Phase  II  processing  facility  involves 
retorting  of  oil  shale  and  production  of  upgraded  shale  oil  at  a  rate  of 
55,800  BPSD  together  with  sulfur,  coke,  and  ammonia  by-products.  The  individual 
process  units  and  their  interrelationships  described  in  the  following  sections 
represent  the  general  concept  of  Phase  II  processing  in  light  of  the  present 
state  of  the  art. 

The  processing  operations  convert  crushed  and  sized  oil  shale  having  an  average 
Fischer  Assay  grade  of  23  gallons  per  ton  (GPT)  into  a  low  sulfur,  low  nitrogen 
upgraded  shale  oil,  sulfur,  ammonia  and  coke.  The  primary  waste  product  is 
processed  shale  which  is  conditioned  for  disposal.  Plants  included  in  the 
processing  facility  are  shown  in  Table  6-4-1,  together  with  their  nominal 
capacities. 


Table  6-4-1 
PHASE  II  PROCESSING  PLANTS 


Plant 


Nominal   Capacity 


Retorting  Plant 

119,000  TPSD 

Raw  Oil  Recovery  Plant 

58,000  BPSD 

Delayed  Coker 

8,000  BPSD 

Gas  Oil  Hydrotreater 

38,000  BPSD 

Naphtha  Hydrotreater 

21,000  BPSD 

Hydrogen  Plant 

95  MMSCFSD 

Oxygen  Plant 

1,160  STPSD 

High  BTU  Gas  Plant 

50  MMSCFSD 

Low  BTU  Gas  Plant 

225  MMSCFSD 

Foul  Water  Stripping  Plant 

- 

Sulfur  Recovery  Plant 

150  LTPSD 

Ammonia  Recovery  Plant 

225  TPSD 
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A  block  flow  diagram  showing  the  flow  of  major  streams  through  the  processing 
facility  is  given  in  Figure  6-4-1.  Crushed  oil  shale  is  retorted  in  TOSCO  II 
and  Gas  Combustion  retort  plants.  Oil  produced  by  Gas  Combustion  retorting 
and  oil  plus  light  hydrocarbons  produced  by  TOSCO  II  retorting  are  separated 
into  gas,  naphtha,  gas  oil  and  residue  fractions  in  the  raw  oil  recovery 
plant. 

A  portion  of  the  shale  oil  residue  is  charged  to  a  delayed  coking  plant  where 
coker  distillates  and  coke  are  produced.  Coker  gas  oil  and  raw  shale  gas  oil 
are  hydrotreated  to  remove  sulfur  and  nitrogen  compounds  in  the  gas  oil  hydro- 
treater.  Coker  naphtha,  raw  shale  naphtha,  and  naphtha  produced  in  the  gas 
oil  hydrotreater  are  charged  to  the  naphtha  hydrotreater.  Hydrogen  required 
from  the  hydrotreating  plants  is  produced  from  the  remaining  shale  oil  residue 
in  a  partial  oxidation  hydrogen  plant. 

Light  hydrocarbons  produced  by  TOSCO  II  retorting  and  gases  from  delayed 
coking  and  hydrotreating  are  separated  in  the  high  BTU  gas  plant  into  a  fuel 
gas  and  and  a  C,  fraction.  Low  BTU  gas  produced  by  Gas  Combustion  retorting 
is  purified  in  the  low  BTU  gas  plant.  All  of  the  fuel  requirements  for  Phase 
II  processing  are  supplied  by  purified  high  and  low  BTU  gases  plus  some  purified 
butanes,  all  of  which  are  produced  in  the  various  processing  units. 

Low  sulfur,  low  nitrogen  upgraded  shale  oil  product  is  prepared  by  blending 
hydrotreated  naphtha,  hydrotreated  gas  oil,  and  butanes.  Elemental  sulfur  and 
anhydrous  ammonia  are  produced  in  the  sulfur  recovery  and  ammonia  recovery 
plants,  respectively. 

Water  recovered  from  the  raw  oil  recovery  plant  and  excess  water  from  the  low 
BTU  gas  plant  are  stripped  in  the  foul  water  stripping  plant  to  remove  dis- 
solved hydrogen  sulfide  and  ammonia.  Stripped  water  from  this  plant  as  well 
as  from  the  ammonia  recovery  plant  is  used  for  processed  shale  conditioning. 

The  processing  plants  are  serviced  by  various  support  systems.  These  include 
water  treatment,  cooling  water,  steam  generation  and  electric  power  distribu- 
tion. 
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B.   Retorting  Plant 

1.  TOSCO  II  Process  -  The  oil  shale  retorting  system  known  as  the  TOSCO 
II  process  is  a  proprietary  process  of  The  Oil  Shale  Corporation.  The  TOSCO 
II  process,  shown  in  Figure  6-4-2,  is  described  in  Chapter  3.  Briefly,  oil 
shale  which  has  been  crushed  to  minus  3/8-inch  particles  is  retorted  in  a 
rotary  drum  vessel.  A  stream  of  hot  ceramic  balls  is  mixed  with  shale  in  a 
retort  in  order  to  supply  the  heat  required  for  retorting.  Hydrocarbon  vapors 
evolved  from  the  shale  are  separated  from  processed  shale  and  ceramic  balls 
and  are  sent  to  the  raw  oil  recovery  plant.  Cermaic  balls  are  reheated  and 
returned  to  the  retort.  Processed  shale  is  conditioned  for  disposal  by  cooling 
and  moisturizing  to  a  water  content  of  about  14%. 

2.  Gas  Combustion  Process  -  The  Gas  Combusion  retorting  process  was 
pioneered  by  the  United  States  Bureau  of  Mines  during  the  1950' s  and  was  fur- 
ther developed  at  Anvil  Points  in  the  1960's  by  a  Six  Company  Group  --  Mobil 
Oil  Corporation,  Continental  Oil  Company,  Humble  Oil  and  Refining  Company,  Pan 
American  Petroleum  Company,  Phillips  Petroleum  Company  and  Sinclair  Research, 
Inc.,  under  a  lease  from  the  United  State  Government.  Currently,  the  concept 
of  Gas  Combustion  retorting  is  being  tested  at  Anvil  Points  by  the  Paraho 
Development  Company.  The  process  described  in  this  Detailed  Development  Plan 
for  Phase  II  operation  is  based  on  information  developed  by  the  Bureau  of 
Mines  and  the  Six  Company  Group. 

A  flow  diagram  of  the  retorting  and  oil  recovery  areas  of  the  process  is  shown 
in  Figure  6-4-3.  Raw  oil  shale,  which  has  been  crushed  to  1  inch  by  2.5  inch 
particles,  is  fed  to  the  top  of  a  vertical  shaft  retort  which  operates  at 
essentially  atmospheric  pressure.  Shale  flows  downward  by  gravity  at  a  rate 
which  is  controlled  by  processed  shale  removal  from  the  retort  bottom.  Shale 
moves  countercurrent  to  upf lowing  gases  consisting  of  combustion  gas  and 
recycle  gas. 

Shale  temperature  increases  as  it  flows  downward  through  preheating,  retorting, 
and  combustion  zones.  Air  injected  into  the  combustion  zone  of  the  retort 
burns  partly  residual  carbon  on  the  shale  and  partly  recycle  gas,  thus  providing 
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heat  required  for  the  process.  After  leaving  the  combustion  zone,  hot  shale 
exchanges  heat  with  recycle  gas  which  is  injected  near  the  bottom  of  the 
retort.  Processed  shale  is  withdrawn  at  a  controlled  rate  from  the  bottom  of 
the  retort  through  a  discharge  mechanism  and  enters  a  processed  shale  condi- 
tioning system. 

Gas  leaving  the  top  of  the  retort  contains  the  oil  evolved  from  the  shale  in 
the  form  of  a  fine  mist  together  with  light  hydrocarbon  vapors,  carbon  mon- 
oxide, and  products  of  combustion.  Shale  oil  and  any  shale  dust  incidentally 
generated  in  the  retorting  process  are  separated  in  cyclone  and  electrostatic 
separators.  Gas  leaving  the  electrostatic  precipitator  is  compressed  slightly 
in  a  blower.  A  portion  of  the  compressed  gas  is  recycled  to  the  retort;  the 
remaining  gas  is  the  net  product  gas  from  the  retorting  operation  and  is  sent 
to  the  low  BTU  gas  plant.  Combustion  air  for  the  retort  is  compressed,  pre- 
heated and  injected  into  the  combustion  zone  of  the  retort. 

A  flow  diagram  of  the  processed  shale  conditioning  system  is  shown  in  Figure 
6-4-4.  Processed  shale  is  conditioned  for  disposal  by  cooling  and  moisturizing 
with  spent  processing  water  to  a  moisture  content  of  about  14%.  Shale  dust 
incidentally  produced  in  the  moisturizing  operation  is  trapped  in  a  venturi 
wet  scrubber.  The  resulting  slurry  is  thickened  and  then  added  to  the  pro- 
cessed shale. 

3.  Overall  Retorting  System  -  The  overall  retorting  system  selected  for 
the  Phase  II  processing  facility  consists  of  seven  TOSCO  II  retorting  modules 
and  seven  Gas  Combustion  retorting  modules.  Each  TOSCO  II  module  contains 
shale  preheating,  ball  heating  and  circulation,  retorting,  and  processed  shale 
conditioning  systems.  Each  Gas  Combustion  retorting  module  contains  retorting, 
oil  recovery  and  processed  shale  conditioning  systems.  Total  raw  oil  shale 
charged  to  the  overall  retorting  system  is  approximately  119,000  TPSD,  dry 
basis,  having  an  average  Fischer  Assay  grade  of  23  GPT,  mined  by  open  pit 
mining.  Approximately  42,000  TPSD  of  1  inch  to  2.5  inch  shale  is  charged  to 
the  Gas  Combustion  retorts.  The  balance,  77,000  TPSD  raw  shale,  is  processed 
through  the  TOSCO  II  retorts. 
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The  overall  retorting  system  for  Phase  II  was  selected  after  a  study  of  the 
characteristics  of  TOSCO  II  and  Gas  Combustion  retorting  processes.  Some  of 
the  advantages  of  using  both  types  of  retorts  in  the  Phase  II  shale  oil 
facility  are; 

•  The  TOSCO  II  process  requires  shale  crushed  to  minus  3/8-inch  parti- 
cles while  the  Gas  Combustion  process  utilizes  relatively  large 
particles  (1  inch  to  2.5  inch).  The  use  of  both  TOSCO  II  and  Gas 
Combustion  retorts  would  reduce  the  amount  of  crushing  required 
compared  to  using  TOSCO  II  retorts  exclusively,  and  would  avoid 
discarding  shale  fines  if  Gas  Combustion  retorts  were  used  exclusively. 

•  Shale  oil  is  produced  from  TOSCO  II  retorting  as  a  hot  vapor  while 
shale  oil  produced  by  Gas  Combustion  retorting  is  produced  as  a  cool 
liquid.  The  use  of  both  retorts  would  allow  a  common  oil  recovery 
plant  where  the  heat  contained  in  the  TOSCO  II  hydrocarbon  vapors 
can  be  used  to  separate  the  Gas  Combustion  liquid  oil  into  fractions 
required  for  upgrading  the  oil  to  upgraded  shale  oil. 

0    Low  BTU  gas  produced  in  the  Gas  Combustion  retort  is  used  as  fuel 
for  the  ball  heaters  in  the  TOSCO  II  retorting  plant. 

These  and  other  considerations  are  discussed  further  in  Chapter  6. 

C.  Basis  of  Phase  II  Oil  Upgrading  Method  -  Shale  oil  as  produced  directly 
from  retorting  is  not  suitable  for  processing  directly  to  petroleum  products 
in  conventional  petroleum  refineries.  The  raw  oil  is  a  low  gravity,  viscous 
oil  containing  olefins  and  aromatics  in  addition  to  oxygen,  sulfur  and  nitrogen 
compounds.  Although  the  sulfur  content  of  raw  shale  oil  is  moderate  (about 
0.8  weight  %)   compared  to  most  petroleum  crude  oils,  the  nitrogen  content 
(about  2  weight  %)   is  very  high.  In  addition,  raw  shale  oil  has  a  high  pour 
point  (about  100°F)  as  a  result  of  the  presence  of  wax  compounds. 

The  purpose  of  the  oil  upgrading  units  in  the  Phase  II  processing  facility  is 
to  convert  raw  shale  oil  to  upgraded  shale  oil  suitable  for  off-tract  refinery 
processing.  Organic  nitrogen  compounds  are  poisonous  to  many  refinery 
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processing  catalysts  and  are  difficult  to  remove  from  raw  shale  oil.  In 
principle,  the  shale  oil  could  be  upgraded  by  chemical  means  such  as  treatment 
with  strong  acids,  but  these  methods  result  in  low  product  yield  and  produce  a 
sludge  which  is  of  no  value  and  which  is  difficult  to  dispose  of  without 
pollution  problems.  The  preferred  method  of  upgrading  raw  shale  oil  is  hydro- 
treating  in  which  the  oil  is  reacted  with  hydrogen  in  the  presence  of  a  catalyst, 
Hydrotreating  effectively  converts  organic  oxygen,  nitrogen  and  sulfur  compounds 
to  hydrocarbons  with  production  of  water,  ammonia  and  hydrogen  sulfide  as  by- 
products. 

The  method  selected  for  Phase  II  oil  upgrading  involves  delayed  coking  of  a 
portion  of  the  high  boiling  residual  shale  oil  fraction  and  hydrotreating  of 
naphtha  and  gas  oil  fractions.  The  remaining  residual  oil  is  charged  to  a 
partial  oxidation  plant  to  produce  the  hydrogen  required  for  hydrotreating. 

D.  Raw  Oil  Recovery  Plant  -  The  purpose  of  the  raw  oil  recovery  plant  is  to 
separate  shale  oil  produced  in  the  retorting  plant  into  several  fractions 
required  for  the  Phase  II  oil  upgrading  method.  A  flow  diagram  of  the  plant 
is  shown  in  Figure  6-4-5. 

Shale  oil  from  Gas  Combustion  retorting  and  vapors  from  TOSCO  II  retorting  are 
charged  to  a  fractionation  system  and  separated  into  gas,  naphtha,  gas  oil  and 
residue  fractions.  The  gas  and  naphtha  streams  are  sent  to  the  high  BTU  gas 
plant  for  gas  treating  and  naphtha  stabilization.  Gas  oil  is  sent  to  the  Gas 
Oil  Hydrotreating  Plant.  The  residue  fraction  containing  any  ash  and  processed 
fines  carried  over  from  the  retorts  is  sent  to  the  delayed  coking  and  hydrogen 
plants. 

The  fractionation  system  also  strips  naphtha  components  from  a  rich  sponge  oil 
stream.  The  lean  sponge  oil  is  returned  to  the  sponge  oil  absorber  in  the 
high  BTU  gas  plant.  Condensed  water  is  collected  and  sent  to  the  foul  water 
stripping  plant  for  removal  of  dissolved  ammonia  and  hydrogen  sulfide. 

E.  Delayed  Coking  Plant  -  A  delayed  coking  process  is  used  in  the  Phase  II 
processing  facility  to  convert  a  portion  of  the  shale  oil  residue  to  distillate 
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oils  and  by-product  coke.  Ash  components  in  the  residue  are  trapped  in  the 
coke  by-product  so  that  low  ash  distillates  are  produced  for  hydrotreating. 

A  flow  diagram  of  the  coking  plant  is  shown  in  Figure  6-4-6.  Shale  oil 
residue  from  the  raw  oil  recovery  plant  and  a  small  stream  of  oil-solids 
sludge  from  Gas  Combustion  retorting  are  fed  to  the  lower  section  of  the  coker 
fractionator.  The  feed  is  stripped  of  lighter  components  by  hot  vapors  from 
the  coke  drum  and  flows  from  the  bottom  of  the  fractionator  to  the  coker 
heater.  The  heavy  oil  is  heated  to  coking  temperature  and  flows  to  the  onstream 
coke  drum  where  the  coking  reaction  is  completed.  Vapors  from  the  coke  drum 
are  returned  to  the  fractionator  and  separated  into  gas,  naphtha,  and  gas  oil 
fractions.  Coker  gas  and  naphtha  are  sent  to  the  high  BTU  gas  plant,  and  the 
gas  oil  is  further  processed  in  the  gas  oil  hydrotreating  plant.  Water  collected 
in  the  coker  fractionator  overhead  reflux  drum  is  sent  to  the  ammonia  recovery 
plant. 

When  the  coke  level  in  the  on-stream  coke  drum  reaches  a  predetermined  level, 
flow  from  the  heater  is  directed  to  an  alternate  drum  while  the  first  drum  is 
emptied.  The  coke  is  first  steam  stripped  to  remove  oil  and  volatile  matter. 
Effluent  from  this  operation  is  processed  in  a  blowdown  system  to  recover  and 
recycle  oil  to  the  coker  fractionator.  Water  from  the  blowdown  system  is  sent 
to  the  ammonia  recovery  plant. 

Coke  is  emptied  from  a  full  drum  by  high  pressure  water  jets.  Water  used  for 
cutting  and  quenching  coke  is  collected  in  a  sump  and  reused  after  removal  of 
coke  fines,  thus  resulting  in  no  net  water  effluent.  Coke  removed  from  the 
drums  is  crushed  and  sent  to  storage.  Composition  of  this  delayed  coke  product 
is  estimated  as  follows: 


Component  Wt.  % 


ash 

12.6 

sulfur 

0.8 

nitrogen 

4.1 

carbon,  hydrogen, 

oxygen 

82.5 

100.0 
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The  expected  high  ash  content  probably  makes  this  coke  unsuitable  for  elec- 
trode carbon  products.  It  is  possible,  however,  that  the  coke  will  be  market- 
able as  boiler  fuel.  If  this  is  not  the  case,  one  of  the  options  for  residue 
processing  discussed  in  Chapter  6  will  be  considered  or  the  coke  will  be  dis- 
posed of  with  the  processed  shale. 

F.   Gas  Oil  Hydrotreating  Plant  -  Raw  gas  oil  produced  in  both  the  raw  oil 
recovery  plant  and  the  delayed  coking  plant  contains  about  2  weight  %  nitrogen 
and  about  0.8  weight  %   sulfur.  In  order  to  produce  a  low  nitrogen,  low  sulfur 
upgraded  shale  oil  product,  the  gas  oil  is  hydrotreated  using  the  Atlantic 
Richfield  Company  (ARCO)  hydrotreating  process.  In  the  process,  a  small 
portion  of  the  feed  is  hydrocracked  to  gas  and  naphtha  and  all  olefinic  com- 
pounds are  saturated.  A  flow  diagram  of  the  ARCO  gas  oil  hydrotreating  pro- 
cess is  shown  in  Figure  6-4-7. 

Gas  oil  blend  from  the  raw  oil  recovery  plant  and  the  delayed  coking  plant  is 
mixed  with  preheated  hydrogen  and  fed  to  the  first  of  two  reactors  arranged  in 
series.  Nitrogen  and  sulfur  compounds  are  converted  by  catalytic  reaction 
with  hydrogen  to  hydrocarbons,  ammonia  and  hydrogen  sulfide.  Effluent  from 
the  second  reactor  is  cooled  by  preheating  hydrogen  and  generating  400  psi 
steam.  Wash  water  is  injected  into  the  effluent  stream  to  absorb  a  major  por- 
tion of  the  ammonia  and  hydrogen  sulfide.  Water  from  the  high  pressure  separa- 
tor is  sent  to  the  ammonia  recovery  plant.  Hydrogen-containing  gas  from  the 
high  pressure  separator  is  compressed  and  recycled  together  with  makeup  hydro- 
gen to  the  hydrotreating  reactors. 

Light  gases  are  flashed  from  the  effluent  oil  in  the  low  pressure  separator, 
and  the  oil  is  then  fractionated  into  gas,  naphtha,  and  gas  oil  streams. 
Fractionator  overhead  gas,  low  pressure  separator  flash  gas,  and  naphtha  are 
sent  to  the  high  BTU  gas  plant  for  gas  treating  and  naphtha  stabilization.  A 
portion  of  the  hydrotreated  gas  oil  is  sent  to  the  naphtha  hydrotreating  plant 
for  use  as  absorption  oil  in  a  depropanizer  tower;  the  remainder  flows  to 
storage. 


6-4-14 


91 1, 


-[     d01VdVd3S    V 


c 


aoivavdas 


Z 


aoi3V3a 


c 


aoiovaa 


a 


SI  I 


■■->       u_  ex      O  J-        J- 

<§>      ®     ® 


o 


< 

LU 

Od 

h- 

o 

o; 

q 

>- 

DC 

r^. 

i 

_l 

«3- 

l-H 

i 

O 

<£> 

oo 

Oi 

<=t 

s- 

o 

•.-     o 


< 


6-4-15 


G-   Naphtha  Hydrotreating  Plant  -  Naphtha  produced  in  the  raw  oil  recovery 
plant,  the  delayed  coking  plant  and  the  gas  oil  hydrotreating  plant  contains 
0.5-1.0  weight  %  of  sulfur  and  nitrogen.  After  stabilization,  the  naphtha  is 
catalytically  hydrotreated  to  remove  essentially  all  the  sulfur  and  nitrogen 
as  ammonia  and  hydrogen  sulfide  before  being  blended  into  the  upgraded  shale 
oil  product.  The  ARCO  naphtha  hydrotreating  process  is  used  to  hydrotreat  the 
combined  naphtha  stream.  A  flow  diagram  of  the  plant  is  shown  in  Figure 
6-4-8.  Operating  conditions  are  less  severe  than  those  employed  for  gas  oil 
hydrotreating,  thus  resulting  in  a  minimum  of  naphtha  cracking.  All  olefinic 
hydrocarbons  are  saturated  by  this  operation. 

Stabilized  naphtha  from  the  high  BTU  gas  plant  is  mixed  with  recycle  and 
makeup  hydrogen  and  heated  to  reaction  temperature  in  a  fired  heater.  The 
vaporized  feed  is  then  charged  to  the  reactor  where  essentially  all  the  organic 
sulfur  and  nitrogen  are  converted  to  hydrogen  sulfide  and  ammonia,  respectively, 
Wash  water  is  injected  into  the  reactor  effluent  and  the  total  stream  is 
cooled  and  sent  to  a  gas-liquid  separator.  Hydrogen-containing  gas  from  the 
separator  is  compressed  and  recycled  to  the  reactor  together  with  makeup 
hydrogen.  Water  condensate  containing  ammonia  and  hydrogen  sulfide  is  with- 
drawn from  the  bottom  of  the  separator  and  sent  to  the  ammonia  recovery  plant. 

Hydrotreated  naphtha  is  fed  to  a  depropanizer  absorber  to  remove  dissolved 
gases.  A  small  stream  of  gas  oil  from  the  gas  oil  hydrotreater  is  used  to 
absorb  the  C4  and  heavier  hydrocarbons  from  the  stripped  gas.  Overhead  gas  is 
sent  to  the  high  BTU  gas  plant  while  the  bottom  naphtha  stream,  containing 
some  gas  oil,  flows  to  product  storage. 

H-   Hydrogen  Plant  -  High  purity  hydrogen  required  for  hydrotreating  of  shale 
oil  naphtha  and  gas  oil  is  produced  by  partial  oxidation  of  a  portion  of  the 
shale  oil  residue.  Use  of  residue  for  hydrogen  production  by  partial  oxidation 
reduces  the  amount  of  residue  fed  to  the  delayed  coking  plant  and  thereby 
reduces  coke  production  from  the  processing  facility. 

Texaco  Development  Corporation's  Synthesis  Gas  Generation  Process  is  used  in 
the  Phase  II  processing  facility  for  partial  oxidation  of  the  shale  oil 
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residue.  This  process  involves  a  continuous  non-catalytic  partial  oxidation 
of  the  oil  with  oxygen.  Gas  from  the  partial  oxidation  reactor  is  quenched 
and  scrubbed  with  water  to  remove  ash  particles  and  a  small  amount  of  ungasi- 
fied  carbon.  This  carbon  is  recycled  to  extinction  in  the  partial  oxidation 
reactor.  Use  of  the  carbon  recycle  system  permits  operation  with  no  net  pro- 
duction of  carbon  from  the  Texaco  process. 

A  flow  diagram  of  the  hydrogen  plant  is  shown  in  Figure  6-4-9.  Preheated 
residue,  steam,  and  oxygen  are  fed  to  the  synthesis  gas  generator.  The  gas 
produced  is  quenched  and  scrubbed  with  a  circulating  water  stream.  Ungasified 
carbon  removed  from  the  gas  is  recycled  to  the  generator  while  an  ash-contain- 
ing slurry  is  sent  to  the  Gas  Combustion  processed  shale  conditioning  system 
in  the  retorting  plant.  Synthesis  gas  from  the  scrubber  contains  hydrogen  and 
carbon  monoxide  as  major  components,  together  with  carbon  dioxide  and  un- 
reacted  steam.  Most  of  the  sulfur  in  the  shale  oil  residue  is  converted  in 
the  generator  to  hydrogen  sulfide.  Nitrogen  in  the  residue  is  converted  to 
molecular  nitrogen. 

Carbon  monoxide  contained  in  the  synthesis  gas  is  reacted  with  steam  in  the 
presence  of  sulfur-resistant  shift  catalyst  to  form  hydrogen  and  carbon  dioxide 
Hydrogen-rich  gas  from  the  shift  converter  is  cooled  and  sent  to  a  gas  puri- 
fication system  to  remove  sulfur  compounds  and  carbon  dioxide.  Several  com- 
mercially proven  processes  are  available  to  remove  these  gases  from  synthesis 
gas.  The  Rectisol  Process,  which  is  licensed  commercially  by  the  Lotepro 
Corporation  is  used  for  this  purpose.  Gas  containing  hydrogen  sulfide  and 
ammonia  is  sent  to  the  sulfur  recovery  plant;  a  clean  carbon  dioxide  stream  is 
vented  to  the  atmosphere.  Water  condensed  from  the  gas  is  ent  to  the  ammonia 
recovery  plant. 

Purified  gas  is  passed  through  a  methanation  reactor  where  the  residual  carbon 
monoxide,  which  is  harmful  to  hydrotreating  catalysts,  is  converted  to  methane. 
The  resulting  high  purity  hydrogen  stream  is  compressed  and  supplied  to  the 
gas  oil  and  naphtha  hydrotreating  plants. 
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I.  Oxygen  Plant  -  High  purity  oxygen  used  in  the  Texaco  Synthesis  Gas  Proces 
is  made  by  cryogenic  fractionation  of  air.  A  flow  diagram  of  the  oxygen  plant 
is  shown  in  Figure  6-4-10. 

Air  is  compressed  and  then  cooled  against  product  streams  in  reversing  heat 
exchangers.  Residual  moisture,  trace  hydrocarbons,  and  carbon  dioxide  are 
removed  from  the  air  during  the  cooling  process.  Periodically,  flow  through 
the  exchangers  is  reversed  so  that  these  contaminants,  deposited  on  the  ex- 
changer surfaces,  are  removed  by  waste  nitrogen.  Refrigeration  requirements 
to  cool  the  air  to  liquifaction  temperatures  and  to  compensate  for  heat  leak 
into  cryogenic  equipment  are  provided  by  expanding  a  portion  of  the  compressed 
air  across  an  expansion  turbine.  In  the  fractionation  column,  air  is  separated 
into  high  purity  oxygen,  high  purity  nitrogen,  and  an  impure  waste  nitrogen 
stream.  Oxygen  product,  having  a  purity  of  98%,  is  compressed  and  sent  to  the 
hydrogen  plant.  A  portion  of  the  high  purity  nitrogen  is  also  used  in  the 
hydrogen  plant  for  stripping  purposes  while  the  remainder  is  sent  to  the  inert 
gas  system  as  required,  or  is  vented  to  the  atmosphere  along  with  the  waste 
nitrogen  stream.  The  oxygen  plant  includes  provisions  for  producing,  storing, 
and  vaporizing  liquid  oxygen  and  liquid  nitrogen. 

J-   High  BTU  Gas  Plant  -  The  functions  of  the  high  BTU  gas  plant  are  basically 
threefold:  stabilization  of  raw  naphtha  streams  prior  to  naphtha  hydrotreating, 
recovery  of  C4  and  heavier  hydrocarbons  from  the  offgas  streams,  and  product!- 
of  low  sulfur,  high  BTU  fuel  gas  for  use  as  plant  fuel.  A  combination  of  oil 
absorption,  amine  absorption/stripping,  and  fractionation  is  employed  to 
effect  the  desired  separations.  Products  from  this  plant  are  desulfurized 
fuel  gas  having  a  gross  heating  value  of  about  970  BTU/SCF,  a  C3  stream  which 
is  blended  into  the  plant  fuel  system,  a  C4  stream  part  of  which  is  used  as 
plant  fuel  while  the  remainder  is  blended  into  upgraded  shale  oil,  and  a 
stabilized  naphtha  containing  the  recovered  C5  and  heavier  hydrocarbons.  A 
flow  diagram  of  the  plant  is  shown  in  Figure  6-4-11. 

Off  gases  from  the  raw  oil  recovery,  delayed  coking,  gas  oil  hydrotreating, 
and  naphtha  hydrotreating  plants  are  compressed.  Condensed  water  is  separated 
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and  sent  to  the  ammonia  recovery  plant.  The  C3  and  heavier  hydrocarbons  in 
the  compressed  gas  are  absorbed  in  the  absorber-stripper  by  lean  oil  which  is 
a  combination  of  naphtha  streams  from  the  raw  oil  recovery,  delayed  coking  and 
gas  oil  hydrotreating  plants,  as  well  as  a  recycle  naphtha  stream  from  the 
debutanizer  tower.  Overhead  gas  from  the  absorber-stripper  is  then  scrubbed 
with  lean  sponge  oil  from  the  raw  oil  recovery  plant  to  remove  residual  quanti- 
ties of  C5  and  heavier  components.  Rich  sponge  oil  from  the  absorber  is  sent 
to  the  fractionator  in  the  raw  oil  recovery  plant  for  stripping  and  recycle  of 
lean  oil.  The  gas  leaving  the  sponge  oil  absorber  is  sent  to  the  desulfurizer 
where  hydrogen  sulfide  and  carbon  dioxide  are  removed  by  absorption  in  aqueous 
diethanolamine  (DEA)  solution.  Desulfurized  fuel  gas,  primarily  C~  and  lighter 
gases  taken  overhead  from  the  DEA  absorber,  contains  about  5  gr/100  SCF 
hydrogen  sulfide  and  is  used  as  a  plant  fuel. 

Rich  oil  from  the  bottom  of  the  absorber-stripper  is  fractionated  in  the  de- 
butanizer to  produce  a  stabilized  raw  naphtha  stream  which  is  fed  to  the 
naphtha  hydrotreating  plant.  The  C3/C,  overhead  stream  is  fractionated  in  a 
separate  tower  to  produce  a  bottom  C,  liquid  which  is  blended  into  upgraded 
shale  oil  and  used  as  plant  fuel  as  required.  The  overhead  C3  stream  is 
desulfurized  to  a  level  of  10  gr/100  SCF  of  hydrogen  sulfide  in  a  liquid- 
absorber  using  aqueous  DEA  solution  and  is  sent  to  the  plant  fuel  system. 

Rich  DEA  solution  from  both  the  C3  and  fuel  gas  desulfurizers  is  steam  stripped 
in  the  amine  regenerator  to  desorb  hydrogen  sulfide  and  carbon  dioxide.  Lean 
DEA  solution  is  recycled  to  the  absorbers  and  gas  from  the  amine  regenerator 
is  sent  to  the  sulfur  recovery  plant. 

K.   Sulfur  Recovery  Plant  -  The  sulfur  recovery  plant  converts  hydrogen  sul- 
fide, contained  in  gases  from  various  sections  of  the  processing  plant,  into 
elemental  sulfur  and  thereby  minimizes  release  of  sulfur  compounds  to  the 
atmosphere.  The  plant  includes  a  Claus-type  process  unit  for  production  of 
elemental  sulfur  and  a  tailgas  cleanup  unit  to  reduce  the  sulfur  content  of 
the  tail  gas  to  less  than  250  ppm.  The  flow  diagram  shown  in  Figure  6-4-12 
illustrates  a  Claus  unit  containing  three  catalytic  conversion  stages. 
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Gases  from  the  high  BTU  gas  plant,  the  hydrogen  plant,  and  the  ammonia  re- 
covery plant  are  combined  and  fed  to  the  reaction  furnace  where  one-third  of 
the  H2S  is  converted  to  SCL  by  combustion  with  air.  The  effluent  is  then  sent 
to  the  first  of  three  catalytic  reactors  arranged  in  series  where  hydrogen 
sulfide  and  SO-  react  in  the  presence  of  a  bauxite  catalyst  to  form  elemental 
sulfur.  Sulfur  vapor  is  condensed  from  each  of  the  reactor  effluents  and 
stored  as  liquid  product.  Tailgas  from  the  third  stage  condenser  is  further 
treated  in  a  Beavon  sulfur  removal  unit,  licensed  by  Union  Oil  Company/R.  M. 
Parsons  Company.  Residual  sulfur  compounds  in  the  Claus  unit  exhaust  gas  are 
catalytically  hydrogenated  to  hydrogen  sulfide  which  is  then  oxidized  to 
elemental  sulfur.  Overall  sulfur  recovery  from  the  combined  Claus  unit  and 
tailgas  clenaup  is  greater  than  99%  and  the  stack  gas  released  to  atmosphere 
contains  less  than  250  ppm  of  sulfur,  measured  as  SOp. 

L.   Foul  Water  Stripping  Plant  -  Water  recovered  from  the  raw  oil  recovery 
plant  and  excess  water  from  the  low  BTU  gas  plant  are  steam  stripped  to  remove 
hydrogen  sulfide  and  ammonia.  A  flow  diagram  of  the  plant  is  shown  in  Figure 
6-4-13.  Gas  from  the  stripper  is  sent  to  the  ammonia  recovery  plant  and 
stripped  water  is  sent  to  a  storage  tank.  Water  from  this  tank  is  used  to 
moisturize  processed  shale  from  both  TOSCO  II  and  Gas  Combustion  retorts. 

M.   Low  BTU  Gas  Plant  -  Gas  produced  by  the  Gas  Combustion  retorts  contains 
carbon  monoxide,  hydrogen,  hydrocarbons,  nitrogen,  and  carbon  dioxide  as  main 
components.  The  gas  has  a  net  heating  value  of  about  100  BTU/SCF  and  is 
suitable  for  use  as  fuel  in  the  Phase  II  processing  facility.  Available 
information  on  Gas  Combustion  retorting  indicates,  however,  that  the  product 
gas  is  contaminated  with  hydrogen  sulfide  and  ammonia,  with  ammonia  in  higher 
concentration  than  hydrogen  sulfide. 

In  order  to  prepare  an  acceptably  clean  gas  for  use  as  fuel  in  the  processing 
facility,  the  net  Gas  Combustion  retorting  product  gas  is  purified  in  the  low 
BTU  gas  plant.  A  flow  diagram  of  the  gas  plant  is  shown  in  Figure  6-4-14. 
The  gas  is  first  compressed  and  is  then  scrubbed  in  an  absorber  tower  with  a 
circulating  water  stream.  Ammonia  is  absorbed  by  the  water  solvent  to  form  an 
ammoniacal  solution  which  absorbs  hydrogen  sulfide. 
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Proper  design  of  the  absorber  provides  absorption  of  hydrogen  sulfide  and 
ammonia  in  the  presence  of  carbon  dioxide.  Clean  gas  from  the  absorber  tower 
is  dehydrated  to  a  dew  point  of  about  minus  20°F  and  sent  to  the  fuel  gas 
system. 

Solution  from  the  bottom  of  the  absorber  is  decanted  to  separate  any  oil  phase 
condensed  from  the  gas  in  the  absorber.  The  bottom  stream  is  first  preheated 
by  heat  exchange  with  stripper  column  bottoms  and  then  steam  stripped  to 
separate  hydrogen  sulfide  and  ammonia  gases  which  are  sent  to  the  ammonia 
recovery  plant.  Water  from  the  bottom  of  the  stripper  is  cooled  and  recycled 
to  the  absorber.  A  part  of  the  water  collected  in  the  stripper  reflux  drum  is 
recycled  to  the  decanter;  the  remaining  water  is  sent  to  the  foul  water  stripping 
plant. 

N.   Ammonia  Recovery  Plant  -  The  ammonia  recovery  plant  processes  gases  from 
the  low  BTU  gas  plant  and  foul  water  stripping  plant  in  addition  to  the  water 
streams  from  the  hydrogen  plant,  naphtha  and  gas  oil  hydrotreaters,  delayed 
coker,  and  high  BTU  gas  plant.  A  flow  diagram  of  the  ammonia  recovery  plant 
is  shown  in  Figure  6-4-15. 

Water  is  degassed  to  remove  light  hydrocarbons  which  are  then  combined  with 
gases  from  the  low  BTU  gas  plant  and  foul  water  stripper.  The  combined  gas 
stream  is  compressed  and  sent  to  the  ammonia  extraction  unit.  Degassed  water 
is  fed  to  the  sour  water  stripper  where  dissolved  ammonia,  hydrogen  sulfide, 
and  carbon  dioxide  are  steam  stripped  and  sent  to  ammonia  extraction,  comprising 
an  Ammonex  system  licensed  by  Howe-Baker  Engineers.  Ammonia  is  selectively 
absorbed  and  recovered  from  the  gas  stream  by  an  organic  solvent  in  an  absorption- 
stripping  system.  The  ammonia  product  is  compressed,  condensed  and  sent  to 
storage.  Ammonia-free  gas  is  sent  to  the  sulfur  recovery  plant.  Condensate 
from  the  ammonia  extraction  unit  is  combined  with  the  sour  water  stripper 
bottoms  and  is  used  to  moisturize  processed  shale  in  the  retorting  plant. 

0.   Support  Systems 

1.   Water  Treatment  -  Raw  water  needed  for  processing,  cooling  tower, 
and  steam  generation  is  clarified  and  filtered  as  required  (see  Figure 
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6-3-7).  This  water  is  used  directly  as  process  water  and  cooling  tower  makeup 
and  is  treated  further  to  prepare  boiler  feedwater.  Boiler  feedwater  for 
steam  systems  operating  at  400  psig  or  less  is  prepared  by  a  zeolite  softening 
system. 

2.  Steam  Generation  -  Systems  for  1400,  400,  175,  60,  and  5  psig  steam 
are  provided  for  the  processing  facility.  Boilers  generating  1500  psig,  650°F 
steam  and  500  psig,  500°F  steam  provide  1400  psig  and  400  psig  steam,  respec- 
tively. Additional  400  psig  steam  is  generated  in  the  process  plants. 

Steam  at  175  psig  is  provided  by  letdown  of  400  psig  saturated  steam  and  by 
generation  in  the  processing  facility.  Steam  at  60  psig  is  generated  in  the 
processing  plants  and  is  also  made  by  operation  of  400  psig  back  pressure 
steam  turbines  driving  compressors. 

A  condensate  flash  system  provides  additional  medium  and  low  pressure  steam  to 
the  facility  as  follows: 

•  1400  psig  condensate  is  flashed  to  400  psig  steam  and  condensate. 

•  400  psig  condensate  is  flashed  to  175  psig  steam  and  condensate. 
§  175  psig  condensate  is  flashed  to  60  psig  steam  and  condensate. 

•  60  psig  condensate  is  flashed  to  5  psig  steam  and  condensate. 

3.  Cooling  Water  -  A  conventional  cooling  tower  system  is  provided  for 
cooling  water  supply  to  the  processing  plants.  Cooling  tower  water  quality  is 
monitored  and  controlled  by  an  automatic  chemical  control  system.  Blowdown 
water  from  boilers  and  cooling  tower  are  sent  to  the  processed  shale  moisturi- 
zing system. 

4.  Water  Chemicals  -  Storage,  handling,  and  pumping  systems  are  provided 
for  conventional  chemicals  used  in  clarifying,  softening  and  demineralizing 
water  and  for  boiler  and  cooling  tower  water  quality  control. 

5.  Oily  Water  Treatment  -  Oily  water  collected  from  pad  washings  or  any 
accidental  leaks  in  the  processing  facility  is  conveyed  in  an  oily  water  sewer 
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system  to  a  surge  pond  and  then  to  an  API  separator  where  oil  and  entrained 
solids  are  separated  from  the  water.  Separated  oil  and  oil  emulsions  are 
returned  to  the  Gas  Combustion  raw  oil  storage  tank  from  which  it  is  sent  to 
the  raw  oil  recovery  plant.  Sludge  collected  in  the  separator  is  removed 
periodically  and  sent  to  the  delayed  coking  plant. 

Effluent  from  the  API  separator  flows  to  a  retention  pond  where  it  is  skimmed 
to  remove  residual  surface  oil.  Oil  is  recycled  to  the  Gas  Combustion  raw  oil 
storage  tank  and  clear  water  is  sent  to  a  storage  tank  and  used  to  moisturize 
processed  shale. 

6.  Air  and  Inert  Gas  -  A  plant  and  instrument  air  system  is  provided  to 
supply  compressed  air  to  the  processing  facility.  Air  is  compressed,  cooled 
and  stored  in  a  receiver.  A  part  of  the  compressed  air  is  dried  and  filtered 
for  use  as  instrument  air.  Inert  gas  is  supplied  to  the  processing  facility 
by  compressing  a  portion  of  the  high  purity  nitrogen  available  from  the  oxygen 
plant.  Compressed  nitrogen  is  stored  in  a  receiver  where  it  is  available  for 
purging  vessels  and  lines,  blanketing  of  tanks,  and  other  plant  uses. 

7.  Emergency  Electric  Power  -  The  processing  facility  is  supplied  with 
electric  power  from  an  outside  power  source.  Dual  diesel  powered  emergency 
generators  are  provided,  however,  to  insure  power  to  essential  control  systems 
and  lighting  in  the  event  of  loss  of  electricity.  In  addition,  critical  pumps 
and  fans  in  the  support  systems  are  spared  with  steam  turbine  driven  units  or 
with  motor/turbine  dual  drivers. 

8.  Firewater  -  The  firewater  system  provided  for  the  processing  facility 
includes  a  firewater  storage  tank  of  2.4  million  gallon  capacity,  firewater 
pumps,  and  distribution  system.  Electric  driven  and  diesel  driven  pumps  are 
provided  plus  an  electric  driven  jockey  pump.  Fire  trucks,  foam  trailers  and 
associated  equipment  are  also  provided  as  part  of  the  fire  fighting  system. 

9.  Flare  and  Blowdown  -  Startup,  shutdown  and  emergency  conditions  in 
the  processing  facility  may  require  venting  of  process  vessels  and  piping. 
Gas  and  liquid  vented  during  these  situations  do  not  escape  to  the  atmosphere 
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but  are  collected  and  separated  in  a  seal  drum.  Gas  from  the  drum  is  burned 
in  a  steam  atomized  flare  which  promotes  smokeless  burning  and  any  liquid  is 
sent  to  the  oily  water  treatment  system. 

P.   Overall  Material  Balance  -  The  Phase  II  processing  facility  is  designed 
to  process  119,000  TPSD  of  oil  shale  (dry  basis)  having  a  Fischer  Assay  of  23 
gallons  per  ton.  These  process  plants  convert  crushed  raw  shale  into  55,800 
BPD  of  low  sulfur,  low  nitrogen  upgraded  shale  oil  which  is  the  primary  pro- 
duct. By-products  from  this  operation  are  sulfur,  ammonia  and  coke.  The 
overall  material  balance  for  the  operation  is  summarized  in  Table  6-4-2. 

Q.   Utility  Requirements 

1.  Electric  Power  -  The  estimated  rate  of  electric  power  consumption  of 
the  processing  facility  is  approximately  155,000  kilowatt  hours/hour,  a  break- 
down of  which  is  summarized  in  Table  6-4-3.  Demand  is  approximately  equally 
divided  between  retorting  and  oil  upgrading  plants. 

2.  Fuel  Balance  -  During  normal  operation  of  the  Phase  II  processing 
facility,  all  fuel  required  for  processing  is  made  and  purified  entirely 
within  the  complex.  Three  fuels  are  utilized:  a  purified  low  BTU  gas  (approxi 
mately  100  BTU/SCF,  LHV),  a  purified  high  BTU  gas  (approximately  1024  BTU/SCF, 
LHV),  and  a  purified  C*  liquid.  An  estimated  typical  fuel  allocation  and 
consumption  for  the  Phase  II  processing  facility  is  shown  in  Table  6-4-4. 

The  retorting  plant  utilizes  purified  high  BTU  fuel  gas,  supplemented  by  low 
BTU  fuel  gas.  Other  processing  plants  utilize  high  BTU  fuel  gas.  The  support 
facilities  use  a  mixture  of  high  BTU  gas  and  liquid  C*  fuels. 

3.  Cool  ing  Water  -  Operation  of  the  retorting  and  oil  upgrading  plants 
in  the  Phase  II  processing  facility  requires  rejection  to  the  atmosphere  of 
heat  which  cannot  be  practically  recovered  for  use  within  the  complex.  In  the 
processing  facility  extensive  use  is  made  of  air  fan  cooling  to  reject  this 
waste  heat.  The  remainder  is  rejected  by  circulating  cooling  water  in  a  wet 
cooling  tower  system. 
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Table  6-4-2 

PHASE  II  OVERALL  MATERIAL  BALANCE 

Oil  Shale 

Feed  Rate,  TPSD,  dry  basis       119,000 
Fischer  Assay,  GPT  23 

Upgraded  Shale  Oil  Product 

Production  Rate,  BPSD  55,800 

Properties 

°API  45.2 

Reid  Vapor  Pressure,  psia  5 

Sulfur,  ppm  10 

Nitrogen,  ppm  510 

Arsenic,  ppb  8 

Sulfur  By-product 

Production  Rate,  LTPSD  153 

Ammonia  By-Product 

Production  Rate,  TPSD,  anhydrous    232 

Coke  By-product 

Production  Rate,  TPSD  467 

Moisturized  Processed  Shale 

Production  Rate,  TPSD  118,500 

A  summary  of  cooling  water  circulation  is  given  in  Table  6-4-5.  A  large 
portion  of  the  cooling  water  requirement  occurs  in  the  gas  plants,  where  gases 
must  be  cooled  to  near  ambient  temperatures  during  treatment  to  remove  potential 
air  pollutants.  The  foul  water  stripping  plant  and  the  ammonia  recovery 
plant,  which  are  essentially  pollution  control  processes,  also  require  a 
significant  amount  of  cooling  water. 
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Table  6-4-3 


ESTIMATED  PHASE  II  PROCESSING  FACILITY  ELECTRIC  POWER  CONSUMPTION 


Plant  Description 

TOSCO  II  Retorting 

Gas  Combustion  Retorting 

Raw  Oil  Recovery  Plant 

Delayed  Coking  Plant 

Gas  Oil  Hydrotreating  Plant 

Naphtha  Hydrotreating  Plant 

Hydrogen  Plant 

Oxygen  Plant 

High  BTU  Gas  Plant 

Low  BTU  Gas  Plant 

Foul  Water  Stripping  Plant 

Sulfur  Recovery  Plant 

Ammonia  Recovery  Plant 

Support  Facilities 

Tankage 

Spent  Water  Collection  System 

Total  Consumption,  All  Voltages 


Power  Consumption,  KWH/H 

62,600 

16,100 

2,800 

900 

4,500 

1,300 

9,800 

19,400 

19,600 

1,500 

1,000 

500 

2,400 

11,000 

800 

500 


154,700 


Table  6-4-4 
ESTIMATED  PHASE  II  PROCESSING  FACILITY  FUEL  BALANCE,  MMBTU/HR 
Plant  Description 


TOSCO  II  Retorting 

Gas  Combustion  Retorting 

Raw  Oil  Recovery  Plant 

Delayed  Coker  Plant 

Gas  Oil  Hydrotreating  Plant 

Naphtha  Hydrotreating  Plant 

Hydrogen  Plant 

Oxygen  Plant 

High  BTU  Gas  Plant 

Low  BTU  Gas  Plant 

Foul  Water  Stripping  Plant 

Sulfur  Recovery  Plant 

Ammonia  Recovery  Plant 

Support  Facilities 

Tankage 

Spent  Water  Collection  System 


921 

1420 
89 

2341 
89 

61 

222 

31 

61 

222 

31 

(921) 

(2542)* 
95 

(2542) 
(826) 

6 

6 

389      229     618 

*(2542)  =  fuel  produced 
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Table  6-4-5 

ESTIMATED  PHASE  II  PROCESSING  FACILITY  COOLING  WATER  CIRCULATION 

Plant  Description  Cooling  Water  Circulation,  gpm 

TOSCO  II  Retorting  365 

Gas  Combustion  Retorting 

Raw  Oil  Recovery  Plant 

Delayed  Coking  Plant  235 

Gas  Oil  Hydrotreating  Plant  208 

Naphtha  Hydrotreating  Plant  156 

Hydrogen  Plant  4,648 

Oxygen  Plant  8,438 

High  BTU  Gas  Plant  10,160 

Low  BTU  Gas  Plant  12,900 

Foul  Water  Stripping  Plant  6,090 

Sulfur  Recovery  Plant 

Ammonia  Recovery  Plant  6,350 

Support  Facilities  1,950 

Tankage 

Spent  Water  Collection  System 

Total  Cooling  Water  Circulation         51,500 

4.  Water  Balance  -  The  following  summary  describes  the  disposition  of 
water  involved  in  the  Phase  II  processing  facility: 

Output  gpm         Acre-feet/year 

Water  on  processed  shale 
Retort  vent  gas  losses 
Cooling  water  loss 
Chemically  converted 
Miscellaneous 

Total  output  6648  9650 

Input 

Raw  water  intake  5726  8300 

Free  water  on  raw  shale  298  450 

Water  produced  in  retorting  624  900 

Total  input  6648  9650 

*Based  on  operating  factor  of  90% 


2726 

3950 

1992 

2900 

1650 

2400 

246 

350 

34 

50 
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The  raw  water  intake  rate  is  5726  gpm,  equivalent  to  8300  acre-feet  per  year. 
An  additional  922  gpm  (1350  acre-feet  per  year)  is  available  from  the  free 
moisture  on  raw  shale  and  water  produced  in  the  retorting  plant.  Approximately 
40%  of  the  total  water  input  is  consumed  in  moisturizing  processed  shale. 
Evaporation  losses  from  retorting  and  cooling  tower  operation  account  for  most 
of  the  remaining  total  input.  Only  about  4%  is  chemically  converted  in  the 
processing  operation. 

Mine  design  and  hydrology  studies  indicate  that  mine  dewatering  and  supple- 
mental wells  will  provide  the  raw  water  necessary  for  Phase  I  and  Phase  II 
processing  facilities. 


4.2  PHASE  II  PROCESSING  EMISSIONS  AND  CONTROL 

This  part  of  the  Detailed  Development  Plan  identifies  sources  of  emissions  from 
the  Phase  II  processing  facility  and  describes  pollution  control  techniques 
applied  to  these  emissions. 

A.   Atmospheric  Emissions  -  This  section  identifies  emission  sources  from  the 
Phase  II  processing  facility,  describes  pollution  control  techniques  applied  to 
these  sources  and  estimates  emission  rates  after  control.  The  location  of  the 
processing  plants  and  stacks  are  shown  on  Figure  6-5-1.  Estimates  of  emissions 
from  the  stacks  are  given  in  Table  6-4-6. 

1.  Fuel  Source  -  An  important  feature  of  the  design  of  the  proposed  Phase 
II  processing  facility  is  the  use  of  combustible  gases  and  C«   hydrocarbons  as 
plant  fuel.  These  fuels  -  high  BTU  gas,  low  BTU  gas,  and  C*s  are  produced 
entirely  within  the  processing  facility  and  are  purified  before  use  in  heaters 
and  boilers.  As  a  result,  it  is  not  necessary,  under  normal  operating  condi- 
tions, to  burn  liquid  upgraded  shale  oil  product  which  would  reduce  plant 
efficiency,  or  to  burn  raw  shale  oil,  which  contains  appreciable  amounts  of 
organic  sulfur  and  nitrogen  compounds  and  particulate  material.  Purification 
of  the  plant  fuels  is  described  in  connection  with  the  discussion  of  the  high 
BTU  and  low  BTU  gas  plants. 
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Table  6-4-6 
PHASE   II   -  PROCESSING  FACILITY  ESTIMATED  STACK  EMISSION  DATA 


TOSCO  II 
Steam 


Stack  Description 


Vol 


No.  of  Stacks 
Stack  Location  No. 
Stack  Height,  ft. 
Stack  Diameter,  ft. 
Stack  Gas  Parameters 
Gas  Flow 
lb/hr 
ACFM 
Molecular  Weight 
Exit  Temperature 
Moisture  Content 
SO2  Content 
lb/hr 
ppm  (vol) 
lb/MMBTU  fired 
N0X  Content 
lb/hr 
ppm  (vol) 
lb/MMBTU  fired 
Particulates 
lb/hr 

grains/ACF 
Hydrocarbons 
lb/hr 
Firing  Duty,  MMBTU/hr 


TOSCO  II 

Preheat 

System 

Superheater 

Ball 
Circulation 

TOSCO  II 

Shale 

Moisturizing 

GCR 
Air  Preheater 

GCR  Shale 

Moisturizer 

Scrubber 

Coker 

Feed 

Heater 

Coke  Cooler 

Vent  to 

Flare 

Gas  Oil 

Hydrotreater 

Heaters 

7 
1 
460 
11.0 

7 
2 
460 
5.5 

7 
3 
460 
3.0 

2 
4 
175 
5.0 

2 
5 
175 
0.5 

1 

14 

120 

4.5 

1 
12 
150 
1.5 

1 

8 
70 
6.0 

3,623,900 
1,197,000 
28.03 
127 
18 

827,750 
304,500 

26.0 

146 
34 

480,200 
243,600 

20.1 

187 
83 

84,900 

74,000 

28.1 

1,100 

14.6 

1,920 
710 
25.6 

140 
31 

57,900 

36,600 

28.1 

670 

14.6 

12,0000) 
21 ,000 

2.9 

2,700 

16 

110,800 
66,900 
28.1 
620 

14.6 

217 
26 
0.097 

33 

15 

0.270 

1.4 

7.6 

0.016 

- 

1.0 

7.6 

0.016 

3 
0.231 

1  .9 

7.6 

0.016 

581 
98 
0.262 

123 

84 

1.008 

- 

28 

200 

0.315 

- 

19 
200 
0.311 

" 

37 
200 
0.319 

238 
0.023 

133 
0.051 

70 
0.034 

1.7 
0.005 

0.7 
0.11 

1.2 
0.004 

- 

2.3 

0.004 

287 
2219 

34 
122 

- 

2.6 
89 

- 

1.8 
61 

13'1) 

3.4 
116 

(1)  Maximum  flow-occurs  only  for  15  minutes/day 


Gas  Oil 

Naphtha 

Hydrogen 

Glycol 

Sulfur 

Hydrotreater 

Hydrotreater 

Plant  Carbon 

Fired 

Plant 

Utility 

Stack  Description 

Fired  Boiler 

1 

Heaters 

Dioxide 

Reboiler 
1 

Ta  i 1 ga  s 
1 

Boilers 

No.  of  Stacks 

1 

1 

1 

Stack  Location  No. 

9 

13 

11 

6 

7 

15 

Stack  Height,  ft. 

70 

60 

70 

175 

45 

120 

Stack  Diameter,  ft. 

6.0 

3.5 

3.5 

5.5 

2.5 

12 

Stack  Gas  Parameters 

Gas  Flow 

lb/hr 

100,000 

29,500 

308,000 

90,600 

101,200 

549,500 

ACFM 

61,000 

23,000 

64,400 

54,200 

28,300 

334,900 

Molecular  Weight 

28.1 

28.1 

41.24 

28.1 

33.2 

28.3 

Exit  Temperature 

620 

940 

86 

610 

130 

635 

Moisture  Content,  Vol 

14.6 

0 

14.6 

21 

14.7 

SO2  Content 

lb/hr 

1.8 

0.5 

12 

1.6 

40 

6.6 

ppm  (vol ) 

7.6 

7.6 

25(3) 

7.6 

200(2) 

5.3 

lb/MMBTU  fired 

0.017 

0.016 

- 

0.017 

- 

0.010 

N0X  Content 

lb/hr 

34 

10 

- 

30 

- 

130 

ppm  (vol ) 

200 

200 

- 

200 

- 

150 

lb/MMBTU  fired 

0.321 

0.323 

- 

0.316 

- 

0.199 

Particulates 

lb/hr 

2.1 

0.6 

- 

1.9 

- 

12 

grains/ACF 

0.004 

0.003 

- 

0.004 

- 

0.004 

Hydrocarbons 

lb/hr 

3.1 

0.9 

- 

2.8 

- 

12 

Firing  Duty,  MMBTU/hr 

106 

31 

- 

95 

- 

654 

(2)  Total  sulfur  compounds  as  S02:  CS2  =  64,  COS  =  64,  H„S  =  8  PPMV 

(3)  Total  sulfur  compounds  as  S02:  COS  =  20,  H2S  =  5  PPMV 
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2.  Retorting  Plant  -  The  retorting  plant  of  the  proposed  Phase  II  pro- 
cessing facility  includes  seven  TOSCO  II  retorts  and  seven  Gas  Combustion 
retorts. 

a.  TOSCO  II  Retorts  -  Sources  of  atmospheric  emissions  from  the 
TOSCO  II  retorting  system  were  described  in  Chapter  3.2.  Each  of  the  TOSCO  II 
retorting  systems  in  the  Phase  II  processing  facility  contains  these  same 
emission  points.  Stack  locations  are  shown  on  Figure  6-5-1.  The  flowrate  and 
composition  of  the  emissions  are,  however,  different  from  those  of  Phase  I 
because  of  differences  in  grade  of  shale  processed,  plant  fuel,  and  number  of 
retorts. 

1)  Raw  Shale  Preheat  System  Stack  -  Hot  flue  gas  from  the  ball 
heater  and  the  flue  gas  incinerator  is  used  to  preheat  raw  shale  and  is  then 
vented  to  the  atmosphere.  The  ball  heater  and  incinerator  are  fired  with  high 
BTU  fuel  gas  and  low  BTU  gas  which  have  been  purified  by  amine  solution  and 
ammoniacal  liquor  scrubbing  systems.  The  small  amount  of  sulfur  compounds 
remaining  in  these  fuel  gases  after  purification  forms  sulfur  dioxide  when  the 
gases  are  burned  in  the  ball  heater  combustion  chamber  and  in  the  incinerator. 
In  addition,  some  nitrogen  oxides  are  formed  during  combustion  primarily  as  a 
result  of  thermal  reaction  between  molecular  oxygen  and  nitrogen,  commonly 
referred  to  as  Thermal  NO  .  The  ball  heater  and  incinerator,  however,  are 
fired  at  relatively  low  flame  temperature  for  process  reasons  and  this  tends 
to  reduce  Thermal  NO  formation.  In  addition,  low  BTU  fuel  gases  tend  to  be 
low  Thermal  NO  producers  since  inert  gases  such  as  nitrogen  and  carbon  dioxide 

A 

are  thoroughly  mixed  with  combustible  compounds  and  the  occurrence  of  localized 
hot  spots  in  the  combustion  flame  is  minimized. 

The  hot  flue  gas  picks  up  shale  dust  and  hydrocarbons  as  it  passes  through  the 
shale  preheat  system  in  direct  contact  with  raw  shale.  Hydrocarbon  content  of 
the  flue  gas  is  reduced  to  about  50  to  90  ppm  in  the  incinerator.  The  entrained 
shale  dust  is  removed  by  a  high  energy  venturi  scrubber  to  the  extent  of  99.6 
to  99.9%.  Wet  scrubbing  of  the  flue  gas  causes  the  raw  shale  preheat  stacks 
to  emit  water  vapor  as  a  visible  plume  under  certain  atmospheric  conditions. 
Estimates  of  emissions  from  these  stacks  are  given  in  Table  6-4-6. 
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The  wet  scrubbers  produce  a  slurry  of  raw  shale  dust  (approximately  1.3%  of 

retort  feed)  and  water  which  is  sent  to  a  clarifier  where  excess  water  is 

separated  and  recycled  to  the  scrubbers.  Thickened  sludge  from  the  clarifier 
is  sent  to  processed  shale  disposal. 

2)  Steam  Superheater  -  Ball  Circulation  System  Stack  -  Each 
TOSCO  II  retort  module  contains  a  steam  superheater,  fired  with  purified  high 
BTU  gas.  Hot  flue  gas  from  the  superheater  is  used  to  remove  residual  processed 
shale  dust  from  the  ball  circulation  system.  Small  quantities  of  spent  shale 
dust  from  vents  on  the  ball  heater  are  combined  with  the  dusty  flue  gas  from 
the  ball  circulation  system.  Cyclones  and  high  energy  venturi  wet  scrubbers 
are  used  to  remove  shale  dust  from  the  combined  flue  gas  before  it  is  vented. 
The  stacks  also  emit  a  visible  steam  plume  under  certain  atmospheric  conditions. 
Estimates  of  emissions  from  these  stacks  are  given  in  Table  6-4-6. 

Shale  dust-water  slurry  from  the  wet  scrubbers  is  clarified  and  the  sludge  is 
sent  to  processed  shale  disposal. 

3)  Processed  Shale  Moisturizing  System  Stack  -  Steam  generated 
in  the  process  of  cooling  and  moisturizing  processed  shale  is  sent  to  high 
energy  venturi  scrubbers  where  entrained  shale  dust  is  removed.  The  processed 
shale  moisturizing  stack  emits  water  vapor  as  a  visible  plume  and  some  residual 
shale  dust.  Estimates  of  emissions  from  these  stacks  are  given  in  Table  6- 
4-6.  Shale  dust-water  from  the  scrubbers  is  clarified  and  the  sludge  is  sent 
to  processed  shale  disposal. 

b.  Gas  Combustion  Retorts  -  There  are  two  sources  of  atmospheric 
emissions  from  the  Gas  Combustion  systems:  combustion  air  preheaters  and  pro- 
cessed shale  moisturizer  scrubber  stacks.  Four  combustion  air  preheaters, 
fired  with  purified  high  BTU  gas,  are  included:  two  serving  four  retorts  and 
two  serving  three  retorts.  Flue  gases  from  the  four  preheaters  are  vented 
through  two  stacks.  Estimates  of  emissions  from  these  stacks  are  given  in 
Table  6-4-6. 
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Steam  generated  in  the  process  of  cooling  and  moisturizing  processed  shale 
from  the  Gas  Combustion  retorts  is  sent  to  high  energy  venturi  scrubbers  where 
entrained  shale  dust  is  removed.  Vapors  from  the  scrubbers  are  vented  through 
two  stacks,  one  serving  four  retorts  and  the  other  three  retorts.  Estimates 
of  emissions  from  these  stacks  are  given  in  Table  6-4-6.  Shale  dust-water 
slurry  from  the  scrubbers  is  thickened  and  the  sludge  is  sent  to  processed 
shale  disposal . 

3.  Raw  Oil  Recovery  Plant  -  There  are  no  emissions  of  atmospheric  con- 
taminants directly  from  this  plant.  Separation  of  gas  and  oil  and  fraction- 
ation of  oil  is  carried  out  in  a  closed  sytem. 

4.  Delayed  Coking  Plant  -  The  delayed  coking  plant  processes  a  portion 
of  the  shale  oil  residue  produced  in  the  raw  oil  recovery  plant.  The  major 
source  of  emissions  from  the  delayed  coker  is  the  coker  feed  heater,  which  is 
fired  with  purified  high  BTU  gas.  Estimates  of  emissions  from  the  heater 
stack  are  given  in  Table  6-4-6.  In  addition  to  the  coker  feed  heater  stack, 
there  is  a  small  stream  of  hydrocarbons  generated  during  cooling  of  coke 
removed  from  the  coke  drums.  Flow  of  this  stream  occurs  only  about  one  hour 
per  day  with  a  peak  flow  for  about  15  minutes  per  day.  Because  this  stream  is 
small  and  intermittent,  it  is  sent  to  the  flare.  An  estimate  of  the  peak  flow 
of  this  stream  to  the  flare  is  given  in  Table  6-4-6. 

5.  Gas  Oil  Hydrotreating  Plant  -  The  gas  oil  hydrotreating  plant  pro- 
cesses raw  and  coker  gas  oil  fractions  to  produce  a  low  sulfur,  low  nitrogen 
oil  which  is  a  component  of  the  upgraded  shale  oil  product.  The  sources  of 
atmospheric  emissions  in  this  plant  are  the  gas  oil  feed  heaters,  an  auxiliary 
hydrogen  heater  and  a  fired  reboiler  for  a  fractionator.  These  heaters  are 
fired  with  purified  high  BTU  gas.  Flue  gases  from  the  gas  oil  feed  heaters  and 
the  auxiliary  hydrogen  heater  are  combined  and  vented  through  a  common  stack. 
Estimates  of  emissions  from  this  stack  are  given  in  Table  6-4-6.  The  fired 
reboiler  supplies  heat  required  to  fractionate  light  ends  from  the  hydrotreater 
reactor  effluent.  Estimates  of  emissions  from  the  fired  reboiler  stack  are 
given  in  Table  6-4-6. 
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6.  Naphtha  Hydrotreating  Plant  -  The  naphtha  hydrotreating  plant  processes 
raw  and  coker  naphtha  to  remove  sulfur  and  nitrogen  compounds.  The  hydro- 
treated  naphtha  is  blended  with  refined  gas  oil  and  butane  to  produce  upgraded 
shale  oil.  Fired  heaters  are  used  to  preheat  naphtha  feed  and  hydrogen  by 
burning  purified  high  BTU  gas.  The  flue  gases  are  vented  through  a  common 
stack  and  represent  the  emission  source  in  this  plant.  Emission  estimates  are 
given  in  Table  6-4-6. 

7.  Hydrogen  Plant  -  Hydrogen  required  for  the  gas  oil  and  naphtha 
hydrotreaters  is  produced  by  first  gasifying  shale  oil  residue  with  oxygen  to 
produce  a  hydrogen-carbon  monoxide  gas  mixture  and  then  reacting  carbon  monoxide 
with  steam.  The  Rectisol  process  is  used  to  absorb  acid  gases  and  to  separate 
carbon  dioxide  from  gaseous  sulfur  compounds.  The  carbon  dioxide  produced  is 
vented  from  the  hydrogen  plant.  Estimates  of  emissions  from  this  stack  are 
given  in  Table  6-4-6. 

A  small  amount  of  naphtha  saturated  with  water  vapor  is  vented  from  an  accu- 
mulator tank  in  the  hydrogen  plant.  An  estimate  of  the  maximum  rate  of  this 
emission  is  given  in  Table  6-4-6. 

8.  Oxygen  Plant  -  Oxygen  required  for  gasification  of  shale  oil  residue 
in  the  hydrogen  plant  is  produced  by  low  temperature  (cryogenic)  fractionation 
of  air.  High  purity  oxygen  is  sent  to  the  hydrogen  plant.  By-product  nitrogen 
is  used  as  inert  gas  in  the  processing  plants  as  required  and  the  balance  is 
vented  to  the  atmosphere. 

9.  High  BTU  Gas  Plant  -  There  are  no  atmospheric  emissions  from  the  high 
BTU  gas  plant.  This  plant  is  an  emission  control  system  in  itself  since  one 
of  its  major  functions  is  to  remove  hydrogen  sulfide  from  the  high  BTU  fuel 
gas.  This  is  accomplished  by  scrubbing  the  gas  with  amine  solution  in  an 
absorber-stripper  system.  The  recovered  gases  are  sent  to  the  sulfur  recovery 
plant. 

10.  Low  BTU  Gas  Plant  -  The  low  BTU  gas  plant  is  also  an  atmospheric 
emission  control  system  since  its  function  is  to  remove  hydrogen  sulfide  and 
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ammonia  from  the  raw  gas  produced  by  Gas  Combustion  retorting.  Purification 
of  the  low  BTU  gas  provides  a  clean  fuel  for  the  processing  facility.  The 
plant  includes  a  glycol  system  for  drying  the  purified  gas  to  conventional 
fuel  gas  dew  point.  Estimates  of  emissions  from  a  fired  reboiler  in  this 
system  are  given  in  Table  6-4-6. 

11.  Foul  Water  Stripping  Plant  -  Ammonia  and  hydrogen  sulfide  are  removed 
from  water  recovered  from  the  raw  oil  recovery  plant.  Gases  are  sent  to  the 
ammonia  recovery  plant  while  the  stripped  water  is  used  for  processed  shale 
moisturizing.  This  plant  reduces  the  processing  facility  emissions  since  it 
prevents  ammonia  and  hydrogen  sulfide  from  entering  the  atmosphere.  There  are 
no  atmospheric  emissions  from  the  foul  water  stripping  plant. 

12.  Ammonia  Recovery  Plant  -  The  ammonia  recovery  plant  is  another  emission 
control  system.  Ammonia  is  removed  from  acid  gases  and  is  recovered  as  an 
anhydrous  liquid  by-product.  Hydrogen  sul fide-containing  gas  is  sent  to  the 
sulfur  recovery  plant.  There  are  no  atmospheric  emissions  from  this  plant. 

13.  Sulfur  Recovery  Plant  -  The  sulfur  recovery  plant  is  a  major  emission 
control  system  as  it  converts  gaseous  sulfur  compounds  separated  from  fuel 
gases  and  processing  waters  into  elemental  sulfur.  A  tail  gas  cleanup  process 
is  included  in  this  plant  to  reduce  emissions  in  the  sulfur  recovery  plant 
vent  to  a  maximum  of  200  ppm  (as  S02).  Estimates  of  emissions  from  this  stack 
are  given  in  Table  6-4-6. 

14.  Support  Systems  -  The  processing  support  systems  include  two  steam 
boilers  fired  with  purified  high  BTU  gas  and  C,s.  Estimates  of  emissions  from 
the  stack  handling  flue  gases  from  these  boilers  are  given  in  Table  6-4-6. 
Also  included  in  the  support  facilities  is  a  conventional  cooling  tower  which 
supplies  cooling  water  to  various  process  plants.  The  estimated  drift  loss 
from  the  cooling  tower  is  165  gpm. 

Tankage  for  storage  of  final  and  intermediate  products  is  a  necessary  part  of 
the  processing  facility.  Vapor  losses  from  the  tanks  are  controlled  by  using 
floating  roof  tanks  for  certain  of  the  more  volatile  products.  Table  6-4-7 
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gives  a  description  of  the  storage  tanks  and  estimates  of  the  tank  vapor 
losses. 

B.  Solid  Wastes  Other  than  Processed  Shale  -  In  addition  to  the  major  solid 
waste,  processed  shale,  a  number  of  other  solid  wastes  will  be  produced  by  the 
processing  facility.  These  can  be  summarized  as  follows: 

§  Deactivated  hydrotreating  catalysts 

•  Deactivated  water  gas  shift  and  methanation  catalysts 

•  Deactivated  sulfur  recovery  catalysts 

•  Spent  water  treatment  zeolites  and  lime  sludge 

Catalysts  used  in  the  hydrotreating,  hydrogen,  and  sulfur  recovery  plants 
gradually  lose  effectiveness  and  must  be  replaced  in  order  to  maintain  con- 
version efficiency  of  the  processes.  Deactivated  catalysts  will  be  returned 
to  catalyst  manufacturers  or  other  firms  interested  in  reprocessing  these 
materials.  If  this  cannot  be  arranged,  they  will  be  disposed  of  with  the 
processed  shale.  Lime  sludge  from  water  treatment  and  spent  water  treatment 
zeolites  will  be  disposed  of  with  processed  shale.  The  maximum  quantity  of 
deactivated  catalysts  and  water  treatment  solids  that  require  disposal  represents 
only  about  0.004%  of  the  processed  shale  on  a  yearly  average  basis.  The  type 
and  quantity  of  catalysts  expected  to  be  produced  during  Phase  II  are  shown  on 
Table  6-4-8.  The  composition  and  expected  disposal  method  of  these  solid 
wastes  are  described  in  Section  9,  Chapter  9. 

C.  Processing  Water  -  The  Phase  II  processing  facility  is  designed  to  avoid 
discharge  of  spent  processing  water  into  the  environment.  As  indicated  pre- 
viously for  Phase  I  processing,  water  recovered  from  the  processing  plants  and 
support  systems  will  be  either  recycled  or  will  be  used  to  moisturize  processed 
shale.  The  overall  water  balance  for  the  processing  facility  indicates  that 
all  of  the  spent  processing  water  can  be  utilized  in  this  manner. 

D.  Trace  Elements  -  The  comments  of  Section  6,  Chapter  3  apply  with  the 
single,  presently  known  exception  of  arsenic.  Arsenic  present  in  the  shale 
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oil  feed  to  the  hydrotreaters  will  be  substantially  removed  as  part  of  the 
hydrotreating  processes  described  in  Section  6,  Chapter  4.  Plans  for  disposal 
of  the  resulting  solid  wastes  are  described  in  Section  9,  Chapter  9. 
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CHAPTER  5 
PLOT  PLAN 


5.1  PARAMETERS 

The  Phase  I  and  Phase  II  processing  facilities  are  located  in  Section  28  T  1  S, 
R  99  W,  which  is  adjacent  to  the  north  boundary  of  Tract  C-a.  Selection  of 
this  site  for  processing  facilities  is  discussed  in  Chapter  2.  A  plot  plan  for 
the  processing  plants  and  support  systems  was  developed  by  considering  the 
following  key  parameters: 

•  Location  of  the  processing  facilities  so  as  to  minimize  distances 
from  the  mines,  shale  crushing  plants,  and  processed  shale  disposal 
site  of  the  Phase  I  and  Phase  II  operations. 

•  Selection  of  relatively  flat  terrain  within  Section  28  so  as  to 
minimize  site  preparation  and  terracing. 

•  Location  of  processing  facilities  so  that  Phase  I  can  be  expanded  to 
Phase  II  with  minimum  interference  with  existing  facilities. 

•  Orientation  of  individual  process  plants  with  respect  to  each  other 
so  as  to  minimize  interplant  transfer  distances  for  oil  and  gas. 

•  Location  of  processing  facilities  for  ease  of  access  to  power  and 
road  corridors  and  product  shipment  systems. 


5.2  PHASE  I  AND  PHASE  II  PROCESSING  FACILITIES 

A  plot  plan  depicting  the  arrangement  of  facilities  for  Phase  I  and  Phase  II 
processing  operations  is  shown  in  Figure  6-5-1.  Mining  operations  and  primary 
crushing  of  raw  shale  will  be  located  to  the  south  of  Section  28.  With  this 
consideration  in  mind,  secondary  crushing  systems  are  located  as  far  to  the 
southwest  as  possible  in  order  to  minimize  the  length  of  run  for  the  conveyor 
bringing  shale  to  the  processing  facilities.  The  expected  right-of-way  for  a 
proposed  road  between  Rangely  and  Rifle  established  the  southern  boundary  of 
the  processing  facilities. 
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Figure  6-5-1 
PROCESSING  FACILITY  PLOT  PLAN 
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The  natural  terrain  of  Section  28  has  a  broad  swath  running  uniformly  downhill 
from  a  high  point  in  the  southwest  corner  to  a  low  point  in  the  northeast 
corner  of  the  block.  In  locating  the  process  plant,  a  series  of  terraces  were 
included,  running  level  in  an  east-west  direction  with  successive  terraces 
stepping  down  in  elevation  in  the  north  direction. 

In  the  Phase  II  processing  facility,  Gas  Combustion  and  TOSCO  II  retorting 
plants  are  placed  in  a  back  to  back  arrangement  to  facilitate  transfer  of  raw 
shale  oil  and  purified  low  BTU  gas  from  the  Gas  Combustion  retort  area  to  the 
TOSCO  II  retort  area.  The  high  BTU  gas  plant  and  delayed  coking  plant  are 
placed  to  the  north  of  the  raw  oil  recovery  plant,  which  is  essentially  con- 
tiguous with  the  TOSCO  II  retorting  plant,  in  order  to  accept  retort  gas  and 
raw  shale  oil  residue.  The  hydrogen  plant  is  located  between  the  naphtha  and 
gas  oil  hydrotreating  plants  in  order  to  minimize  piping  of  high  pressure 
hydrogen  to  these  units. 

The  Phase  I  processing  operation  involves  installation  of  a  TOSCO  II  retort  in 
Stage  1  and  a  second  TOSCO  II  retort  in  Stage  2.  These  are  placed  in  the  TOSCO 
II  area  of  the  Phase  II  retorting  plant.  The  oil  upgrading  plants  for  Phase  I 
are  placed  to  the  southwest  of  Phase  II  oil  upgrading  plants  since  the  former 
are  relatively  small  and  will  be  dismantled  once  the  Phase  II  processing 
facility  is  in  full  operation. 

Processed  shale  disposal  is  to  the  east  of  Section  28.  Electrical  power  will 
be  supplied  to  the  site  from  the  west.  Raw  water  storage  is  situated  in  the 
northwest  section  of  Section  28  to  allow  gravity  flow  to  the  processing  faci- 
lities. Storage  tanks  are  remote  from  the  processing  facilities  in  the  northern 
part  of  Section  28.  The  tanks  will  be  arranged,  spaced  and  diked  in  accordance 
with  requirements  of  the  Lease  and  NFPA  and  OSHA  codes. 

The  plot  plan  shown  in  Figure  6-5-1  represents  the  best  presently  available 
concept  for  the  layout  of  Phase  I  and  Phase  II  processing  facilities.  The  plot 
plan  is  preliminary,  however,  since  some  changes  may  be  required  as  detailed 
engineering  for  these  facilities  proceeds.  It  is  expected,  however,  that  these 
possible  changes  will  not  alter  the  basic  concept  presented  at  this  time. 
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5.3  STACK  LOCATIONS 

The  location  of  process,  fired  heater  and  steam  boiler  stacks  in  the  Phase  I 
and  Phase  II  processing  facilities  are  indicated  on  the  plot  plan  shown  in 
Figure  6-5-1.  Each  stack  is  identified  with  a  number  which  is  referenced  on 
tables  in  Chapters  3  and  4,  listing  estimates  of  atmospheric  emissions. 
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CHAPTER  6 
PHASE  II  PROCESSING  ALTERNATES 


6.1  RETORTING 

A.  Background  -  Production  of  oil  from  oil  shale  requires  heating  the  shale  to 
a  temperature  of  about  900°F.  Under  these  conditions,  endothermic  chemical 
reactions  convert  kerogen  to  oil,  gas,  and  residual  carbon.  This  thermal 
treatment,  known  as  retorting,  can  in  principle  be  carried  out  in  situ  or 
aboveground.  In  evaluating  these  retorting  methods  for  use  on  Tract  C-a, 
criteria  were  applied  requiring  that  the  process  be: 

•  capable  of  continuous  operation  at  high  throughput  in  a  large  scale 
shale  oil  facility, 

•  capable  of  efficient  production  of  oil  from  shale,  and 

t    based  on  demonstrated  technology  available  to  Rio  Blanco. 

B.  In  situ  Retorting  -  Oil  shale  is  virtually  impermeable  to  fluids  when  in 
place  in  the  ground.  As  a  result,  it  is  necessary  to  fracture  the  shale  deposit 
in  order  to  practice  in  situ  retorting  effectively.  In  essence,  underground 
retorting  chambers  are  made  either  by  drilling  vertical  shafts  or  by  mining 
certain  portions  of  the  deposit  and  then  fracturing  the  shale  with  explosives. 
The  fractured  shale  is  ignited  and  the  flame  front  is  forced  through  the  surface 
together  with  a  low  BTU  gas  which  is  formed  in  the  retorting  process.  A  part 

of  the  gas  is  recycled  to  the  retorting  zone  while  the  remainder  is  withdrawn 
as  product. 

The  concept  of  in  situ  retorting  has  certain  advantages  and  disadvantages  when 
compared  to  aboveground  retorting.  Mining,  conveying  and  crushing  of  raw 
shale,  all  of  which  are  necessary  for  aboveground  retorting,  could  be  eliminated 
or  minimized.  Disposal  of  processed  shale  could  also  be  eliminated  or  minimized 
Although  the  associated  savings  would  be  offset  to  some  extent  by  other  factors 
that  are  unique  to  in  situ  retorting,  the  underground  retort  concept  could  have 
economic  as  well  as  environmental  advantages. 
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The  present  state  of  the  technology,  however,  does  not  qualify  in  situ  re- 
torting for  use  on  Tract  C-a  since  the  concept  is  at  a  wery   early  stage  of 
development.  The  Bureau  of  Mines  has  tested  retorting  under  simulated  under- 
ground conditions  which  has  shown  that  oil  yield  from  large  pieces  of  shale  is 
yery   low—approximately  60%  of  Fischer  Assay  or  less.  Oil  recovery  is  decreased 
by  non-uniform  flow  of  the  flame  front  through  the  fractured  shale  zone.  In 
addition,  there  is  the  problem  of  handling  and  treating  large  quantities  of  low 
BTU  gas  (50  BTU). 

Occidental  Petroleum  Corporation  has  carried  out  tests  of  a  modified  in  situ 
process  which  might  overcome  some  of  the  problems  associated  with  this  approach. 
Proposals  for  test  work  on  other  modified  in  situ  processes  have  been  made. 
Gulf  and  Standard  are  participants  in  the  Westco  project,  which  is  an  industry- 
sponsored  experimental  program  to  test  a  modified  in  situ  process.  Since 
further  work  on  these  concepts  is  required  to  establish  the  technology,  in  situ 
retorting  was  eliminated  as  a  means  of  producing  oil  in  the  initial  development 
of  Tract  C-a. 

C.  Aboveground  Retorting 

1.  Retorting  Processes  -  The  Bureau  of  Mines  has  classified  aboveground 
retorts  into  the  following  four  categories: 

Class    Method  of  Heat  Transfer  Examples 

I     Transfer  through  a  wall  Pumpherston 

II     Transfer  from  combustion  in  the      NTU,  Gas  Combustion, 
retort  Paraho 

III     Transfer  from  externally  heated      Union  Oil,  Petrosix, 
gases  Paraho 

IV     Transfer  from  externally  heated      TOSCO  II,  Lurgi 
solids 

A  preliminary  review  of  these  types  of  retorts  was  made  to  select  those  which 
would  be  suitable  for  production  of  shale  oil  from  Tract  C-a.  As  indicated 
previously,  a  retort  process  must  be: 
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•  capable  of  continuous  operation  at  high  throughput  in  a  large  scale 
shale  facility, 

•  capable  of  efficient  production  of  oil  from  shale,  and 
0    based  on  known  technology  available  to  Rio  Blanco. 

These  requirements  eliminate  Class  I  retorts  from  consideration  since  heat 
transfer  through  walls  was  not  considered  practical  for  large  capacity  operation. 
Among  the  Class  II,  III,  and  IV  retorts,  the  NTU  retort  was  eliminated  since 
it  is  not  a  continuous  flow  retort  but  must  be  loaded  with  shale,  heated,  and 
then  dumped.  The  TOSCO  II  process  possessed  the  necessary  requirements  and 
Rio  Blanco  purchased  a  license  for  this  technology  from  The  Oil  Shale  Corpora- 
tion. The  Bureau  of  Mines  Gas  Combustion  retort  also  possessed  the  necessary 
requirements,  particularly  since  this  type  of  retort  is  currently  being  tested 
and  developed  by  the  Paraho  Development  Corporation  and  Paraho  technology  can 
be  made  available  to  Rio  Blanco.  The  Union  Oil  and  Lurgi  retorting  processes 
are  potentially  suitable  for  use  on  Tract  C-a,  but  Rio  Blanco  determined  from 
discussions  with  the  process  owners  that  these  processes  were  not  ready  for 
consideration  at  least  for  the  first  stage  of  the  Phase  I  operation.  Union 
Oil  and  Lurgi  technology,  however,  could  be  considered  for  later  stages  of 
Phase  I  or  Phase  II  under  suitable  conditions. 

2.  Background  of  TOSCO  II  Process  -  Development  of  the  TOSCO  II  process 
for  oil  shale  retorting  was  started  in  1956.  Denver  Research  Institute  carried 
out  laboratory  research  for  The  Oil  Shale  Corporation.  The  first  pilot  plant 
was  installed  near  Littleton,  Colorado,  in  1957  and,  in  1964,  a  1,000  TPD 
semi-works  retort  was  installed  on  the  Dow  Property  in  the  Middle  Fork  Canyon 
of  Parachute  Creek  in  Colorado. 

TOSCO  has  operated  the  semi -works  plant  from  1965  to  1967  and  again  in  1971 
and  1972  to  improve  the  process  and  to  prove  out  various  aspects  of  commercial 
plant  design,  including  various  types  of  pollution  control  equipment.  Tests 
on  the  TOSCO  pilot  plant  were  carried  out  specifically  for  Rio  Blanco  to 
obtain  design  data. 
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3.  Background  of  Gas  Combustion  Process  -  The  Gas  Combustion  retorting 
process  was  developed  and  tested  by  the  Bureau  of  Mines  at  the  Oil  Shale 
Experimental  Station  near  Rifle,  Colorado.  The  Bureau  constructed  and  operated 
6,  25,  and  150  ton-per-day  retorts  during  the  period  1950-1955  as  part  of  an 
engineering  scale  research  program  on  mining,  crushing  and  retorting  of  oil 
shale  together  with  upgrading  of  shale  oil.  This  program  was  carried  out  under 
the  Synthetic  Liquid  Fuels  Act  of  1944.  The  shale  oil  facilities  at  Anvil 
Points  were  reactivated  in  1964  and  used  as  a  pilot  plant  by  the  Six  Company 
Group  through  1967.  The  Six  Company  Group  demonstrated  operability  of  a  differ- 
ent 150  ton-per-day  retort  in  two  demonstration  runs,  one  of  10  days  duration 
and  one  of  17  days  duration.  The  Six  Company  Group  concluded  that  operability 
of  the  150  ton-per-day  report  had  been  adequately  demonstrated,  although  opera- 
tion of  a  prototype  scale  retort  was  necessary  to  minimize  the  risk  of  scale-up 
to  commercial  operation. 

The  Anvil  Points  site  was  leased  in  1974  to  the  Paraho  Development  Corporation 
for  the  purpose  of  testing  a  proprietary  version  of  the  Gas  Combustion  retort. 
The  Paraho  development  program,  which  is  supported  by  a  group  of  industrial 
companies  including  Gulf  Oil  Corporation  and  Standard  Oil  Company  (Indiana), 
involves  the  testing  of  another  150  ton-per-day  retort  using  internal  combustion 
and  external  recycle  gas  heating  modes  of  operation.  Recently,  it  has  been 
reported  that  the  Paraho  group  achieved  a  55-day  run  with  the  retort  operating 
in  the  gas  combustion  mode.  This  run  is  considered  a  significant  achievement 
in  the  development  of  the  process. 

4.  Retort  Combinations 

a.  Parameters  -  The  Gas  Combustion  and  TOSCO  II  oil  shale  retorting 
processes  represent  two  distinctly  different  approaches  to  oil  shale  retorting. 
The  Gas  Combustion  process  uses  lump  size  shale  particles  as  feed  to  a  vertical 
shaft-type  retort.  Oil  evolved  from  the  shale  leaves  the  retort  as  a  fine  mist 
and  is  collected  as  a  liquid.  Air  is  added  to  the  retort  where  a  part  of  the 
shale  burns  to  supply  heat  required  for  retorting.  A  substantial  quantity  of 
low  BTU  gas  is  also  produced  in  Gas  Combustion  retorting. 
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In  contrast,  the  TOSCO  II  retorting  process  uses  finely  crushed  shale  (less 
than  3/8-inches)  as  feed  to  a  rotary  retort.  Hot  ceramic  balls  are  added  to 
the  retort  to  supply  the  heat  of  retorting.  The  ceramic  balls  are  separated 
from  processed  shale,  reheated  and  returned  to  the  retort.  Oil  and  light 
hydrocarbon  gases  (undiluted  by  combustion  gases)  evolved  from  the  shale  leave 
the  retort  as  hot  vapors  which  are  condensed  in  downstream  equipment. 

The  diverse  characteristics  of  Gas  Combustion  and  TOSCO  II  retorting  suggest 
that  a  combination  of  these  processes  in  a  commercial  production  facility  might 
provide  advantages  over  a  facility  using  exclusively  one  or  the  other  of  these 
retorts.  A  study  of  this  matter  considered  three  levels  of  retort  combinations 
and  two  grades  (Fischer  Assay)  of  oil  shale.  Retort  combinations  were  defined 
by  the  percent  of  the  total  oil  shale  feed  to  the  retorting  system  which  is 
processed  by  the  TOSCO  II  retorting  process. 

b.  Conclusions  -  There  are  several  significant  advantages  to  the  use 
of  a  combination  of  TOSCO  II  and  Gas  Combination  retorts: 

•  Reduced  crushing  of  raw  shale  without  the  necessity  of  discarding 
shale  fines 

•  Improved  raw  oil  recovery  system 

•  Improved  shale  oil  yield 

•  Reduced  electric  power  consumption 

In  view  of  these  advantages,  the  concept  of  using  TOSCO  II  and  Gas  Combustion 
retorts  was  adopted  for  the  Phase  II  processing  facility. 


6.2  SHALE  OIL  RESIDUE  PROCESSING 

A.  Parameters  -  The  basic  processing  scheme  selected  to  produce  a  low-nitrogen 
upgraded  shale  oil  from  raw  shale  oil  in  Phase  II  is  as  follows: 

•  Delayed  coking  of  900°  raw  shale  oil  residue 

•  Hydrotreating  of  raw  shale  oil  naphtha  and  gas  oil  plus  coker  distillates 
by  ARCO  hydrotreating  processes 
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0    Production  of  snythesis  gas  by  partial  oxidation  of  900°F+  raw  shale 
oil  residue  followed  by  shift  and  methanation  of  synthesis  gas  to 
produce  hydrogen  required  for  the  hydrotreating  units. 

Two  methods  were  evaluated  to  avoid  production  of  coke  from  shale  oil --solvent 
deasphalting  and  Flexicoking.  Descriptions  of  these  processes  are  given  in  the 
following  sections. 

B.  Solvent  Deasphalting  Process  -  Foster  Wheeler's  Solvent  Deasphalting  Process 
involves  extraction  of  residual  oil  feedstocks  with  a  light  hydrocarbon  solvent 
to  produce  a  deasphalted  oil  (extract  phase)  and  an  asphalt  (raffinate  phase). 
Advantages  of  this  process  for  the  treatment  of  residual  oils  are  as  follows: 

•  Deasphalted  oils  having  higher  paraffinicity  and  higher  hydrogen/carbon 
ratio  than  the  feedstock  can  be  produced. 

§    Condensed  ring  aromatic  compounds  in  the  feedstock  are  rejected  to 
the  asphalt  product. 

•  Nitrogen  and  sulfur  content  of  the  deasphalted  oil  are  reduced  com- 
pared to  the  untreated  residue. 

•  Deasphalted  oils  of  low  metal  and  ash  content  can  be  produced  from 
high  metal/ash  feedstocks. 

C.  Flexicoking  Process  -  The  Flexicoking  Process,  a  proprietary  process  of  the 
Exxon  Research  and  Engineering  Company,  integrates  conventional  Fluid  Coking 
with  coke  gasification.  Liquid  and  light  end  yields  are  the  same  as  Fluid 
Coking.  Gross  coke  product  from  the  Fluid  Coking  Section  is  gasified  to 
provide  a  low  BTU  fuel  gas  which,  after  removal  of  sulfur  compounds,  can  be 
utilized  in  furnaces  or  boilers.  The  small  amount  of  purge  coke,  approximately 
2  to  3%  of  the  feed,  is  desulfurized  in  the  process  and  contains  less  than  2% 
sulfur. 

Flexicoking  feedstock  is  injected  into  a  reactor  containing  a  fluidized  bed  of 
coke  particles  and  is  thermally  cracked  to  a  wide  range  of  vapor  products  and 
coke.  Hydrocarbon  products  leave  the  top  of  the  reactor  and  are  quenched  in  a 
scrubber  where  entrained  coke  is  trapped  and  recycled  to  the  reactor.  Coke  from 
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the  reactor  circulates  to  a  heater  vessel  where  it  is  devolatil ized  to  yield  a 
light  hydrocarbon  gas  and  residual  coke.  A  circulating  stream  of  coke  is  sent 
to  the  gasifier  where  at  least  90%  of  the  reactor  coke  is  gasified  with  steam 
and  air. 

D.  Comparisons  -  Solvent  deasphalting  and  Flexicoking  were  evaluated  as  alter- 
nates to  delayed  coking  for  several  retort  combinations  and  oil  shale  grades. 
Deasphalting  of  shale  oil  residue  produces  the  highest  yield  of  Cr+  upgraded 
shale  oil  relative  to  delayed  coking  and  Flexicoking  for  all  retort  combina- 
tions and  shale  grades  studied.  Flexicoking  provides  the  highest  C*+  upgraded 
shale  oil  plus  net  fuel  gas  for  all  cases.  Both  deasphalting  and  Flexicoking 
are  superior  to  delayed  coking  with  respect  to  C*  +  upgraded  shale  oil  yield. 

Although  both  deasphalting  and  Flexicoking  appeared  to  offer  significant  yield 
advantages  over  delayed  coking,  the  latter  process  was  selected  for  the  present 
concept  of  the  Phase  II  processing  facility.  This  selection  was  based  on  the 
judgment  that  delayed  coking  is  a  more  firmly  demonstrated  process  for  shale 
oil  residue  feedstock.  Deasphalting  of  shale  oil  residue,  Flexicoking  of  shale 
oil  residue,  and  hydrotreating  of  deasphalted  oil  remain  to  be  demonstrated. 
If  future  pilot  plant  tests  prove  out  these  concepts,  the  choice  of  delayed 
coking  for  Phase  II  processing  will  be  reconsidered. 


6.3  HYDROGEN  SUPPLY 

A.  Partial  Oxidation  and  Steam  Reforming  -  In  the  present  concept  of  the  Phase 
II  processing  facility,  hydrogen  required  for  hydrotreating  raw  naphtha  and  gas 
oil  will  be  produced  by  partial  oxidation  of  heavy  shale  oil  residue,  i.e.  the 
900°F+  fraction.  An  alternative  scheme  considered  was  to  produce  hydrogen  by 
steam  reforming  of  C,  and  lighter  gases  recovered  in  the  high  BTU  gas  plant. 
While  steam  reforming  would  have  resulted  in  a  less  costly  and  less  complex 
plant  compared  to  the  partial  oxidation  route  with  its  attendant  oxygen  plant 
and  carbon  recycle  system,  the  latter  was  selected  primarily  on  feedstock 
consideration.  Use  of  C«  and  lighter  hydrocarbons  as  feed  to  a  steam  reformer 
would  necessitate  satisfying  the  overall  plant  fuel  requirement  by  firing 
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either  raw  shale  oil  or  hydrotreated  product  oil.  Both  of  these  fuel  alterna- 
tives are  undesirable  since  they  result  in  lower  liquid  product  yields. 

On  the  other  hand,  the  partial  oxidation  process  is  capable  of  processing  the 
heavy  residue  fraction  of  raw  shale  oil  which  is  the  most  difficult  to  upgrade 
into  upgraded  shale  oil.  The  use  of  approximately  half  of  the  shale  oil  residue 
for  hydrogen  production  correspondingly  reduces  by-product  coke  production 
since  the  unused  residue  must  be  processed  by  delayed  coking  prior  to  hydrotreat- 
ing.  The  reduced  coke  yield  improves  the  overall  efficiency  for  the  upgrading 
of  raw  shale  oil.  Moreover,  if  the  coke  cannot  be  marketed  because  of  high  ash 
content,  coke  must  be  disposed  of  with  the  processed  shale. 

The  obvious  advantages  of  producing  hydrogen  from  shale  oil  residue  led  directly 
to  the  selection  of  the  partial  oxidation  route  over  steam  reforming. 

B.  Acid  Gas  Treatment  -  Another  consideration  in  design  of  the  hydrogen  plant 
relates  to  selection  of  an  acid  gas  removal  process  for  separating  carbon 
dioxide  and  sulfur  compounds  from  the  crude  hydrogen.  Selective  absorption  of 
hydrogen  sulfide  in  the  presence  of  relatively  large  amounts  of  CCL  is  required 
to  produce  a  concentrated  HLS  feed  gas  for  the  sulfur  recovery  plant.  This 
factor  coupled  with  the  high  pressure  associated  with  syngas  produced  via 
partial  oxidation  made  a  physical  absorption  system  the  logical  choice.  Two 
commercial  physical  absorption  processes  were  evaluated:  Rectisol  which 
uses  a  methanol  solvent,  and  Selexol  which  is  based  on  an  organic  glycol  ether. 
Both  systems  were  capable  of  purifying  the  raw  hydrogen-rich  gas  to  1.0  ppm 
total  sulfur  and  100  ppm  carbon  dioxide.  The  Rectisol  system  was  chosen  be- 
cause of  more  favorable  operating  costs  and  lower  sulfur  content  in  the  carbon 
dioxide  stream  which  must  be  vented  to  the  atmosphere. 


6.4  AMMONIA  AND  SULFUR  RECOVERY 

A.  Ammonia  -  All  water  streams  from  processing  plants  are  steam  stripped  to  an 
ammonia  and  hydrogen  sulfide  content  of  less  than  100  and  20  ppm  respectively. 
Offgas  from  the  stripping  operations  are  further  processed  for  recovery  of 
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elemental  sulfur  and  anhydrous  ammonia.  The  processing  sequence  selected  for 
the  Phase  II  processing  facility  includes  an  Ammonex  system  to  absorb  99+%  of 
the  contained  ammonia  which  is  recovered  as  an  anhydrous  liquid.  Ammonia-free 
gas  is  then  sent  to  a  Claus  sulfur  recovery  plant,  including  a  tailgas  cleanup 
system,  for  recovery  of  99+%  of  the  contained  hydrogen  sulfide  as  elemental 
sulfur. 

Process  alternates  considered  for  dealing  with  the  ammonia-containing  gas 
included: 

•    Burning  the  gas  directly  in  the  Claus  process  furnace  without  prior 

ammonia  removal 
t    Treating  the  gas  in  a  Stretford  process  plant  to  convert  hydrogen 

sulfide  to  sulfur  and  then  recovering  anhydrous  ammonia. 
§   Stripping  hydrogen  sulfide  and  ammonia  from  the  processing  water 

sequentially  using  the  Chevron  WWT  process,  and  then  recovering 

anhydrous  ammonia  and  elemental  sulfur  from  the  separated  gases. 

The  first  alternate  was  rejected  because  of  the  potential  for  increased  release 
of  NO  to  the  atmosphere  and  loss  of  valuable  ammonia  product.  The  second  and 
third  alternates  are  comparable  with  the  system  selected  for  the  processing 
facility  and  will  be  considered  further  in  detailed  engineering  studies. 

B.  Sulfur  -  Another  area  where  process  alternates  were  considered  for  the 
Phase  II  processing  facility  is  the  tailgas  cleanup  section  of  the  sulfur 
recovery  plant.  The  offgas  from  the  last  Claus  converter  is  treated  to  increase 
the  overall  sulfur  recovery  from  about  95%  to  99+%.  Commercial  processes 
applicable  to  treating  sulfur  plant  off-gas  include  Beavon,  Cleanair,  Scot,  and 
Wellman-Lord.  The  first  two  processes  convert  residual  sulfur  in  the  tailgas 
directly  to  elemental  sulfur  product.  Basically,  these  systems  combine  catalytic 
hydrogenation  of  sulfur  compounds  to  form  hydrogen  sulfide  with  direct  oxidation 
of  hydrogen  sulfide  to  sulfur  in  a  Stretford  unit.  The  Beavon  process  employs 
two  reaction  stages  as  compared  to  three  for  the  Cleanair  system.  The  Scot 
process  hydrogenates  all  sulfur  compounds  in  the  tailgas  to  hydrogen  sulfide 
which  is  then  recovered  by  solvent  absorption  and  recycled  to  the  Claus  unit. 
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Wellman-Lord  first  converts  residual  sulfur  to  SCL  by  oxidation  and  recovers 
S02  by  alkaline  absorption  from  the  tailgas.  The  recovered  sulfur  dioxide  is 
also  recycled  to  the  Claus  plant  for  conversion  to  elemental  sulfur. 

These  tailgas  processes  are  essentially  equivalent  in  terms  of  sulfur  recovery 
and  are  all  capable  of  producing  a  clean  stack  gas  having  less  than  about  200 
ppm  of  sulfur  as  SO^.  The  Beavon  process  was  selected  for  the  Phase  II  pro- 
cessing facility  although  the  other  processes  will  be  kept  under  consideration. 


6.5  LOW  BTU  GAS  PURIFICATION 

A.  Considerations  -  In  the  Gas  Combustion  retorting  process,  the  net  gas  from 
the  retort  contains  hydrogen,  carbon  monoxide,  and  light  hydrocarbons  diluted 
with  nitrogen  (from  the  combustion),  water  vapor,  and  carbon  dioxide.  The 
carbon  dioxide  results  from  combustion  in  the  retort  and  from  decomposition  of 
mineral  carbonates  present  in  the  raw  oil  shale.  The  water  vapor  results  from 
combustion,  retorting  reactions,  and  free  moisture  contained  in  the  raw  shale. 
The  composition  of  Gas  Combustion  retort  product  gas  is  fairly  well  known  with 
respect  to  major  components  and  the  heating  value  of  the  gas  is  known  to  be 
about  100  BTU/SCF,  LHV.  There  is,  however,  considerable  uncertainty  at  the 
present  time  as  to  the  content  of  impurities,  principally  gaseous  sulfur  compounds 
and  ammonia.  Accurate  analyses  are  very  difficult  to  make  and  few  reliable 
data  are  available.  The  limited  data  indicate  that  the  sulfur  content  of  the 
retort  product  gas  is  low  and  that  the  sulfur  is  present  entirely  as  hydrogen 
sulfide,  although  other  sulfur  compounds  such  as  carbonyl  sulfide  may  be  present 
in  trace  quantities.  In  addition,  ammonia  is  present  in  the  gas  although  the 
concentration  is  uncertain. 

In  view  of  the  lack  of  data  regarding  the  sulfur  and  ammonia  content  of  this 
gas,  it  is  not  possible  at  the  present  time  to  choose  with  certainty  the  best 
available  purification  method.  The  following  approach  was  used,  however,  to 
select  a  method  which  is  believed  to  be  the  best  available. 
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In  the  Gas  Combustion  retort,  part  of  the  retort  overhead  gas  is  recycled 
(recycle  rate  is  about  2  to  1  on  net  gas  product)  to  the  bottom  of  the  retort. 
As  this  recycle  gas  flows  upward  through  the  retort,  it  is  heated  and  comes 
into  contact  with  freshly  formed  processed  shale.  It  is  believed  that  hydrogen 
sulfide  in  the  gas  reacts  with  alkaline  oxides  in  the  processed  shale  and  is 
thereby  absorbed.  This  theory  indicates  that  essentially  all  the  hydrogen 
sulfide  in  the  recycle  gas  is  removed  in  this  way.  Using  experimental  measure- 
ments of  the  sulfur  content  of  kerogen  in  raw  shale,  shale  oil  and  an  estimate 
of  the  organic  sulfur  content  of  processed  shale  (a  relatively  small  quantity), 
material  balance  calculations  were  made  to  estimate  the  total  amount  of  combined 
sulfur  in  the  retort  overhead  gas.  This  total  quantity  was  reduced  by  an 
amount  determined  by  the  retort  design  recycle  gas  rates.  It  was  assumed  that 
the  combined  sulfur  in  the  retort  gas  was  90%  hydrogen  sulfide  and  10%  carbonyl 
sulfide.  Similar  calculations  were  made  to  estimate  the  combined  nitrogen 
content  of  the  retort  gas  except  that  no  reduction  was  made  for  absorption  on 
processed  shale.  It  was  assumed  that  all  of  the  combined  nitrogen  in  the 
retort  gas  was  ammonia. 

B.  Processes  -  There  are,  in  principle,  a  number  of  scrubbing  processes  which 
can  be  considered  for  removal  of  sulfur  compounds  and  ammonia  from  Gas  Com- 
bustion retort  gas  containing  a  large  amount  of  carbon  dioxide.  Many  of  these 
processes  use  solvents  which  are  classified  as  physical  solvents  in  that  they 
require  high  gas  pressure  to  provide  a  significant  solubility  of  the  components 
to  be  absorbed.  Gas  Combustion  retort  gas  is  produced  at  essentially  atmos- 
pheric pressure  and  compression  of  the  gas  to  high  pressure  would  have  a  very 
adverse  effect  on  the  oil  recovery  efficiency  of  the  Phase  II  processing  facili- 
ties because  of  the  high  energy  requirement  of  compression. 

Processes  using  so-called  chemical  solvents,  such  as  potassium  carbonate  solu- 
tions, were  considered  since  these  solutions  absorb  hydrogen  sulfide  at  low 
pressures.  Ammonia  and  carbonyl  sulfide  are  not  absorbed  extensively,  however, 
while  carbon  dioxide  is  essentially  completely  absorbed.  Absorption  of  a  large 
amount  of  carbon  dioxide  from  the  retort  gas  results  in  very  high  energy  con- 
sumption for  regeneration  of  the  solvent. 
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The  Stretford  Process,  licensed  by  the  British  Gas  Corporation,  was  also  con- 
sidered, since  this  process  removes  hydrogen  sulfide  from  gas  streams  very 
effectively  by  the  use  of  a  special  chemical  solvent.  Ammonia  would  be  removed 
from  the  gas  by  water  scrubbing. 

Another  process  considered  for  the  purification  of  Gas  Combustion  retort  gas  is 
scrubbing  with  ammoniacal  solutions.  Many  variations  of  ammonia  scrubbing 
processes  have  been  developed  and  used  commercially  for  the  purification  of 
coke-oven  gas.  If  the  gas  contains  an  excess  of  ammonia  compared  to  hydrogen 
sulfide  (as  is  expected  for  Gas  Combustion  retort  gas),  these  compounds  can  be 
removed  from  the  gas  at  low  pressure  without  absorption  of  large  amounts 
of  carbon  dioxide  by  proper  design  of  the  absorber  vessel.  Carbonyl  sulfide, 
however,  would  not  be  absorbed  completely. 

After  considering  the  various  processes  for  purification  of  Gas  Combustion 
retort  gas,  removal  of  hydrogen  sulfide  and  ammonia  by  scrubbing  with  an  ammoni- 
acal solution  was  selected  for  the  Phase  II  processing  facility  based  on  present 
knowledge  of  the  gas  composition.  This  choice,  however,  is  subject  to  review 
as  additional  data  on  the  composition  of  Gas  Combustion  retort  gas  becomes 
available. 


6.6  ALUMINA  RECOVERY 

The  United  States  consumed  6.5  million  tons  of  aluminum  metal  in  1973,  almost 
all  of  which  was  made  from  imported  bauxite.  Scientists  at  the  Laramie  Energy 
Research  Center  have  estimated  that  6.5  billion  tons  of  extractable  alumina  are 
present  in  the  Piceance  Basin.  The  resource  is  present  as  dawsonite,  NaAHOH^CC^ 
and  nordstrandite  A1(0H)3.  These  minerals  are  found  predominately  in  the 
deeper  lying  zones  of  the  basin  in  average  concentrations  of  about  3  weight 
percent,  less  than  10  percent  of  the  alumina  concentration  found  in  bauxite. 
Laboratory  tests  have  shown  that  these  minerals  become  readily  soluble  in 
weakly  basic  solutions  after  proper  thermal  treatment.  This  suggests  the 
possibility  of  recovering  alumina  from  ore  bearing  shales  which  have  been 
processed  in  retorts,  such  as  the  TOSCO  II  retort,  which  operate  at  relatively 
low  temperatures. 
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Rio  Blanco  conducted  a  study  which  indicates  that  production  of  alumina  ore 
from  retorted  shale  may  be  commercially  feasible.  The  study  was  based  primarily 
on  laboratory  work  performed  by  The  Oil  Shale  Corporation  and  described  in 
patents  and  publications  of  that  organization.  Engineering  studies  were  made 
based  on  available  literature,  and  consultations  with  researchers  in  the  field. 
A  preliminary  flow  sheet  has  been  developed.  From  the  flow  sheet,  approximate 
costs  for  the  plant  were  estimated. 

Because  the  alumina  bearing  shale  is  deeper  lying,  commercial  production  would 
not  begin  until  at  least  the  fifth  year  of  operation  of  Phase  II  development. 
Production  rates  will  be  dependent  on  the  details  of  the  mining  plan  and  on  the 
type  of  retorts  in  use  at  that  time.  Under  the  present  plan,  2,000  TPD  of 
alumina  ore  is  a  practical  maximum  production  rate.  Further  laboratory  work 
and  extensive  pilot  plant  experimentation  will  be  required  before  a  number  of 
key  assumptions  made  in  the  engineering  studies  can  be  verified  and  a  final 
design  completed.  Because  of  the  low  grade  of  the  ore,  the  feasibility  of 
economic  recovery  of  alumina  depends  upon  being  able  to  extract  the  ore  under 
mild  processing  conditions  in  simple  equipment. 

According  to  the  current  concept,  soluble  alumina  compounds  present  in  pro- 
cessed shale  which  have  been  retorted  at  relatively  low  temperatures  are  leached 
from  the  retorted  shale  using  a  dilute  caustic  solution.  Leached  solids  are 
separated  from  the  leach  solution  and  sent  to  processed  shale  disposal.  Crys- 
talline aluminum  trihydrate  is  then  precipitated  from  the  leach  liquor.  The 
hydrate  crystals  are  recovered  and  processed  into  cell  grade  alumina  while  the 
barren  solution  from  the  precipitation  step  is  recycled  to  the  leach  system  as 
the  dilute  caustic  feed  solution. 

Caustic,  required  for  leaching,  is  generated  in  the  process  of  dissolving 
sodium  aluminate.  Hence,  the  process  is  self-regenerative  with  respect  to  the 
leaching  reagent.  The  processing  is  mild  when  compared  with  the  Bayer  process 
which  is  used  to  produce  alumina  in  current  practice.  Because  of  the  relatively 
dilute  nature  of  the  resource,  much  larger  quantities  of  retorted  shale  must  be 
handled.  An  alumina  recovery  plant  based  on  the  present  design  concept  would 
require  approximately  1/3  of  the  energy  needed  to  run  seven  TOSCO  retorts  in  a 
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Phase  II  facility,  and  would  increase  overall  water  consumption  by  approximately 
30%.  The  principal  source  of  pollution  from  alumina  recovery  plant  would  arise 
from  burning  fuels  required  to  dry  the  alumina  product. 

Studies  conducted  thus  far  have  shown  that  alumina  recovery  from  spent  shale  is 
potentially  attractive  on  a  commercial  scale.  Continued  studies  on  a  larger 
scale  are  planned  to  further  verify  feasibility  and  to  develop  data  needed  for 
plant  design. 
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CHAPTER  7 
PHASE  I  PROCESSING  ALTERNATES 


Certain  aspects  of  Phase  I  processing  are  fixed  by  the  processing  methods 
adopted  for  Phase  II.  As  an  example,  retorting  alternates  were  not  evaluated 
extensively  for  Phase  I  since  TOSCO  and  Gas  Combustion  retorts  were  selected 
for  Phase  II.  The  TOSCO  retorting  process  was  chosen  for  Phase  I  since,  at 
this  time,  it  is  further  developed  than  the  Gas  Combustion  retorting  process. 
Other  major  alternates  considered  for  Phase  I  are  described  below. 


7.1   PIPELINE  QUALITY  OIL 

A.  Considerations  -  Raw  shale  oil  produced  by  TOSCO  II  retorting  in  the  Phase 
I  processing  facility  is  a  relatively  viscous,  high  pour  point  oil.  These 
properties  make  the  oil  unsuitable  for  shipment  from  Tract  C-a  in  an  unheated 
pipeline  where  fluid  temperatures  as  low  as  +30°F  may  occur.  Pump  performance 
under  flowing  conditions  in  the  pipeline  and  maximum  static  pressure  allowable 
for  cold  start  of  the  pipeline  require  the  shale  oil  product  to  have  a  maximum 
viscosity  of  800  SSU  at  +30°F  and  a  maximum  pour  point  of  +30°F. 

B.  Methods  -  Several  methods  of  treating  the  raw  shale  oil  were  considered  as 
a  means  of  achieving  these  pipeline  specifications.  The  principal  treatment 
methods  considered  were: 

t    Delayed  coking  of  raw  shale  oil  atmospheric  residue, 
t    Visbreaking  of  raw  shale  oil  atmospheric  residue, 
t    Thermal  cracking  of  heavy  raw  shale  gas  oil. 

Tests  carried  out  at  Anvil  Points  during  the  1950' s  by  the  Bureau  of  Mines 
indicated  that  a  low  viscosity,  low  pour  point  oil  product  could  be  prepared  by 
delayed  coking  of  shale  oil.  Production  of  coke  is  high,  however,  because 
of  operating  conditions  required  to  achieve  low  pour  point  product.  Visbreaking 
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of  raw  shale  oil  residue  was  also  tested  by  the  Bureau  of  Mines.  In  addition, 
Rio  Blanco  carried  out  visbreaking  tests  which  indicate  that  pipeline  quality 
oil  can  be  made  by  this  process.  Shale  oil,  however,  particularly  the  heavy 
residue  portion,  tends  to  coke  in  heated  tubes,  causing  frequent  shutdowns  of 
the  visbreaker  heater. 

A  third  method  of  producing  pipeline  quality  oil  involves  thermal  cracking  of 
the  heavy  shale  gas  oil  (approximately  650-900°F  fraction)  and  combining  cracked 
distillates  with  raw  shale  naphtha,  light  gas  oil,  and  residue.  Pilot  plant 
tests  carried  out  by  Rio  Blanco  confirmed  that  this  method  would  produce  a 
blended  oil  of  satisfactory  pumping  qualities.  In  addition,  there  is  evidence 
that  shale  heavy  gas  oil  is  less  susceptible  to  coking  in  heater  tubes  than  is 
shale  residue.  Operability  of  the  thermal  cracking  heater  is  thus  expected  to 
be  relatively  better  than  that  of  the  visbreaking  heater.  These  considerations 
led  to  the  selection  of  gas  oil  thermal  cracking  as  the  basis  of  the  Phase  I 
oil  upgrading  method. 


7.2  SUBSTITUTE  NATURAL  GAS  PRODUCTION 

Rio  Blanco's  primary  objective  in  developing  Tract  C-a  is  ultimately  to  produce 
commercial  quantities  of  upgraded  shale  oil  which  can  be  further  refined  at 
conventional  petroleum  refineries.  Phase  I  and  Phase  II  processing  operations 
are,  therefore,  oriented  toward  oil  production.  Substitute  natural  gas  (SNG) 
was  considered,  however,  as  a  possible  product  of  Phase  I  operations.  The  con- 
cept of  this  alternative  to  pipeline  quality  oil  involves  gasification  of  raw 
shale  oil  with  oxygen  in  a  partial  oxidation  plant.  Composition  of  the  re- 
sulting gas  is  adjusted  by  water  gas  shift  reaction  and  the  gas  is  then  methanated 
to  produce  SNG. 

The  partial  oxidation  and  oxygen  plants  would  be  designed  so  that,  with  some 
modifications,  they  could  be  converted  to  hydrogen  production  in  Phase  II. 
Assuming  a  shale  grade  of  30  GPT,  SNG  production  would  be  about  24  MMSCFD  in 
the  first  stage  of  Phase  I  and  about  48  MMSCFD  in  the  second  stage  of  Phase  I. 


6-7-2 


SNG  production  in  Phase  I  would  have  the  advantage  of  providing  a  clean  fuel 
which  could  be  readily  marketed.  Partial  oxidation  and  methanation  is  not, 
however,  a  thermally  efficient  route  to  SNG  since  only  about  65%  of  the  heating 
value  of  the  shale  oil  is  recovered  in  the  product.  In  addition,  the  capital 
investment  for  the  plant  would  make  the  cost  of  the  SNG  prohibitive  at  the 
relatively  small  production  rates  involved.  Consequently,  this  alternate  was 
not  adopted  for  Phase  I. 


7.3  Product  Markets 


Present  plans  are  to  transport  the  shale  oil  produced  in  the  Phase  I  processing 
facility  by  pipeline  to  the  points  of  ultimate  use  as  determined  by  Gulf  and 
Standard.  This  would  involve  construction  of  a  pipeline  to  the  existing  Amoco 
line  near  Rangely.  Also,  minimum  upgrading  (thermal  cracking)  is  planned  to 
reduce  the  temperature  at  which  oil  will  flow  for  practical  pipeline  shipment. 

A  possible  alternative  to  minimum  upgrading  and  pipeline  shipment  does  exist. 
It  involves  a  proposal  to  be  submitted  to  ERDA  by  Gary  Operating  Company,  major 
owner  and  operator  of  the  Gary  Western  Refinery,  to  modify  and  upgrade  their 
refinery  at  Fruita,  Colorado,  to  permit  refining  of  raw  shale  oil.  This  proposed 
refinery  modification  would  result  in  a  shale  oil  capacity  of  approximately 
15,000  barrels  per  day. 

Assuming  the  proposal  is  executed  and  a  suitable  marketing  agreement  could  be 
reached  between  Rio  Blanco  and  Gary  Western,  the  raw  shale  oil  produced  in 
Phase  I  could  be  trucked  to  the  Fruita  refinery,  eliminating  the  need  for 
upgrading  facilities  for  Phase  I  and  postponing  construction  of  the  pipeline 
until  needed  for  Phase  II. 
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CHAPTER  1 
INTRODUCTION 


Optimum  development  of  Tract  C-a  by  open  pit  methods  requires  off-tract  disposal 
of  waste  (overburden)  and  sub-ore  from  mining  operations  and  processed  shale 
from  processing  operations  prior  to  the  time  that  backfilling  of  the  open  pit 
can  begin.  Disposal  planning  for  waste  products  is  predicated  on  utilization 
of  a  disposal  area  located  north  and  east  of  the  tract  on  84  Mesa.  Disposal 
activities  are  designed  to  coincide  with  the  mining  and  retorting  production 
schedules,  beginning  with  Phase  I  mine  development  and  extending  through  Phase 
II  reclamation  operations.  As  final  slopes  are  established  on  the  off-tract 
disposal  pile  it  will  be  progressively  reclaimed;  it  is  expected  that  within  a 
few  years  after  termination  of  waste  disposal  on  84  Mesa  the  waste  disposal 
area  will  have  been  contoured  commensurate  with  surrounding  topography  and 
completely  revegetated.  The  backfilled  portion  of  the  open  pit  will  also  be 
progressively  reclaimed  and  revegetated  so  that  at  the  conclusion  of  the  open 
pit  operations  on  Tract  C-a,  the  backfilled  area  will  have  also  been  rehabilitated 

Phase  I  is  presented  as  a  detailed  plan  based  on  an  open  pit  mine  design 
having  an  ore  production  life  of  six  years.  Construction  of  Phase  I  facilities 
is  performed  in  stages  to  provide  operational  as  well  as  economic  advantages. 
During  Stage  1,  preproduction  excavation  of  overburden  will  begin  in  June, 
1978,  and  retorting  of  oil  shale,  which  generates  processed  shale  for  disposal 
will  begin  in  August,  1979.  The  first  TOSCO  II  retort  will  be  constructed  and 
will  operate  for  three  years  before  a  second  TOSCO  II  retort  module,  constructed 
during  Stage  2,  is  placed  in  operation  in  August,  1982.  Each  TOSCO  II  module 
is  capable  of  retorting  about  10,700  TPSD  of  raw  oil  shale.  Phase  I  disposal 
plans  are  designed  to  meet  initial  disposal  requirements  and  yet  be  readily 
expandable  to  Phase  II  requirements. 

Phase  II  is  presented  in  more  general  terms  outlining  expansion  concepts  based 
on  an  open  pit  mine  design  enlarged  from  the  Phase  I  open  pit  and  having  a 
nominal  life  of  at  least  30  more  years.  Five  (5)  additional  TOSCO  II  retort 
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modules  and  seven  (7)  Gas  Combustion  retort  modules  will  be  constructed  during 
the  Phase  II  construction  period  and  will  be  operational  in  August,  1985. 
During  operation  of  Phase  II,  the  expanded  processing  facility  will  be  capable 
of  retorting  about  120,000  TPSD  of  raw  oil  shale  to  produce  about  55,800  BPSD 
of  upgraded  shale  oil.  RB0SP  will  apply  technology  developed  during  final 
design  construction  and  operation  of  Phase  I  to  further  define  the  specific 
aspects  of  Phase  II  disposal  operations. 

Chapter  2  of  this  section  presents  a  discussion  of  the  environmental  and  en- 
gineering rationale  which  led  to  the  selection  of  84  Mesa  disposal  area  as  the 
preferred  site  for  disposal  of  overburden,  processed  shale  and  sub-ore  (see 
Section  4,  Mining,  Chapter  2)  from  Tract  C-a.  Chapter  3,  a  description  of  the 
Phase  I  disposal  operation,  includes:  characteristics  of  disposal  materials; 
design  criteria;  location  and  areal  requirements;  disposal  material  condition- 
ing, transport,  and  placement;  equipment  selection;  structures  and  civil  work; 
revegetation  and  water  control;  and  the  transition  to  Phase  II.  Chapter  4  is 
a  description  of  Phase  II  disposal  operations  which  includes,  with  the  excep- 
tion of  the  transition  to  an  expanded  operation,  those  elements  described  in 
Chapter  3.  Water  control  and  revegetation  plans  for  the  disposal  implacements 
contained  in  Chapter  3  and  4  are  summaries  of  more  in-depth  discussions  in 
Section  9  (Environmental  Protection,  Health  and  Safety),  Chapter  6  (Water 
Quality  Control)  and  Chapter  8  (Land  Rehabilitation). 
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CHAPTER  2 
DISPOSAL  SITE  ALTERNATIVES  AND  SELECTION  RATIONALE 


2.1  SUMMARY 

Development  of  Tract  C-a  will  require  that  large  volumes  of  overburden  (mine 
waste)  and  sub-ore  from  open  pit  mining  and  processed  shale  from  above  ground 
retorting  be  placed  outside  of  the  open  pit  mine  until  such  a  time  that  back- 
filling of  the  open  pit  with  overburden,  sub-ore  and  processed  shale  can 
begin.  To  begin  backfilling,  the  open  pit  mine  must  be  large  enough  that 
disposal  of  material  along  a  final  pit  wall  will  not  hinder  either  access  to 
the  pit  or  day  by  day  mining  operations.  The  open  pit  must  be  as  deep  as  the 
bottom  of  the  ore  grade  oil  shale  so  that  commercially  recoverable  resource  is 
not  buried  by  disposed  material  in  the  bottom  of  the  pit.  The  pit  floor  must 
be  large  enough  to  permit  disposal  safely  and  also  permit  continued  mining 
along  the  lower-most  benches. 

The  volume  of  overburden,  sub-ore  and  processed  shale,  placed  outside  the  open 
pit  will  equal  that  amount  of  disposal  material  produced  from  startup  until 
backfilling  can  begin.  Increasing  rates  of  production  decreases  the  time 
period  required  for  disposal  outside  of  the  pit.  Decreasing  production  rate 
increases  the  required  time  before  backfilling  can  begin  because  of  the  increased 
amount  of  time  required  to  mine  to  the  bottom  of  the  ore  grade  oil  shale. 
Mining  at  a  rate  to  provide  retort  feed  at  the  Phase  II  shale  oil  production 
rate  of  55,800  BPSD  will  require  30  years  of  disposal  outside  the  open  pit 
before  backfilling  can  begin.  Again,  lower  mining  rates  will  increase  the 
time  prior  to  backfilling  and  higher  mining  rates  will  decrease  the  time  prior 
to  backfilling. 

Selecting  the  location  of  the  most  desirable  disposal  site  for  overburden  and 
sub-ore  from  open  pit  mining  and  processed  shale  from  surface  retorting  prior 
to  pit  backfilling  required  consideration  of  the  following  criteria: 
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•  Minimum  regional  environmental  impact. 

•  A  site  of  sufficient  size  to  contain  all  disposed  material  generated 
prior  to  backfilling. 

•  Location  in  which  overburden,  sub-ore,  and  processed  shale  could  be 
stabilized  and  rehabilitated  as  soon  as  possible. 

•  Maximum  recovery  of  the  oil  shale  resource. 

t    Reasonable  proximity  to  the  mine  and  plant  sites. 

RBOSP  believes  that  off-tract  disposal  will  best  satisfy  the  above  criteria. 
On-tract  disposal  of  overburden,  sub-ore  and  processed  shale  is  considered  by 
RBOSP  to  be  undesirable  because: 

t    On-tract  disposal  would  cover  relatively  shallow  Tract  C-a  oil  shale 
resources.  As  a  result  the  open  pit  would  be  in  all  likelihood 
severely  limited  in  size  because  the  rehandling  of  on-tract  waste 
would  pose  an  insurmountable  economic  barrier.  Underground  room- 
and-pillar  mining  of  the  remaining  oil  shale  in  rich  zones  (processed 
shale  would  be  disposed  of  in  pit)  could  supplement  the  resource 
recovery  of  the  restricted  open  pit.  However,  RBOSP  estimates  that 
the  resource  recovery  from  the  combined  restricted  open  pit  mining 
and  the  supplemental  room-and-pillar  mining  would  only  be  about  one 
fourth  of  the  total  resource  recoverable  from  Tract  C-a  by  open  pit 
mining  with  off-tract  disposal. 

•  Maximum  resource  recovery  from  Tract  C-a  would  require  continued 
rehandling  of  temporary  on-tract  disposal  piles  of  overburden,  sub- 
ore  and  processed  shale  which  would  increase  costs. 

•  Rehandling  of  temporary  disposal  piles  of  overburden,  sub-ore  and 
processed  shale  would  complicate  and  delay  rehabilitation. 

•  Segregation  and  stockpiling  of  sub-ore  would  be  difficult  and  costly 
because  of  limited  space  and  necessary  rehandling  required  for  maxi- 
mum resource  recovery. 

•  Rehandling  of  material  would  increase  dust  emissions.  Dust  control 
would  therefore  be  more  difficult  and  costly. 
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The  Final  Environmental  Statement  for  the  Prototype  Oil  Shale  Leasing  Program 
(EIS)  considered  off-tract  disposal  prior  to  backfilling  of  an  open  pit. 
Throughout  the  EIS  reference  is  made  to  off- tract  disposal  for  the  period  of 
time  from  mine  startup  to  the  time  backfilling  can  begin.  Volume  1,  pg.  III- 
13  of  the  EIS  contains  a  typical  reference  to  off-tract  disposal  prior  to  pit 
backfilling:  "During  the  early  years  of  open  pit  development,  permanent 
disposal  of  overburden  would  be  offsite.  After  10  to  20  years  of  full-scale 
production,  it  should  be  possible  to  begin  disposing  of  part  of  the  overburden 
and  processed  shale  into  mined-out  positions  of  the  pit." 

It  should  be  pointed  out  that  the  difference  in  time  required  for  off-tract 
disposal  between  the  above  reference  and  the  30  years  estimated  to  be  required 
by  RBOSP  prior  to  backfilling  is  in  the  higher  rate  of  mining  considered  by 
the  EIS.  The  rate  of  mining  necessary  for  the  EIS  production  of  100,000  BPD 
of  shale  oil  would  be  nearly  twice  the  rate  presently  considered  by  RBOSP, 
again  exhibiting  that  higher  mining  rates  will  allow  earlier  backfilling. 

In  considering  off-tract  disposal  because  of  the  definite  advantage  in  resource 
recovery,  RBOSP  reviewed  five  general  areas  to  determine  the  potential  each 
area  had  as  a  disposal  site.  Those  general  areas  are:  Stake  Springs  Draw, 
West  Spring  Creek,  West  and  Northwest  of  Tract,  Douglas  Creek,  and  84  Mesa. 
RBOSP  had  conducted  preliminary  engineering  to  determine  the  volume  of  material 
to  be  placed  outside  of  the  open  pit  before  backfilling  could  begin.  Therefore, 
RBOSP  only  reviewed  those  areas  which  were  large  enough  to  hold  the  necessary 
volume.  Two  of  the  five  general  areas,  West  and  Northwest  of  the  Tract  and 
Douglas  Creek,  required  the  grouping  together  of  several  canyons  to  provide 
the  necessary  capacity  needed  for  waste  material  prior  to  backfilling.  From 
the  review  RBOSP  felt  each  of  the  areas  had  certain  advantages  and  disadvantages. 
The  areas  reviewed  are  discussed  in  the  following: 

t    Stake  Springs  Draw  -  The  principal  advantages  of  Stake  Springs  Draw 
are  related  to  its  proximity  to  Tract  C-a  and  include  restricting 
the  area  subject  to  environmental  impact  and  relatively  low  cost  of 
moving  spent  shale  from  the  tract  to  the  disposal  area.  With  respect 
to  capacity  for  holding  waste,  the  Stake  Springs  area  covers  roughly 
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9,500  acres;  at  an  approximate  average  thickness  of  160  feet,  the 
area  would  accommodate  approximately  2.4  billion  cubic  yards. 
Another  advantage  of  the  site  would  be  the  impact  on  only  one  drainage, 
And,  as  for  other  valley  fill  sites,  visual  impact  would  be  minimized. 
RBOSP  also  expects  reclamation  would  be  less  difficult  and  less 
costly  than  for  several  other  potential  waste  disposal  sites. 

A  major  disadvantage  of  the  Stake  Springs  Draw  site  is  that,  although 
it  is  roughly  equivalent  to  84  Mesa  in  both  distance  and  vertical 
lift  considerations,  waste  placement  in  Stake  Springs  Draw  would 
cover  substantial  oil  shale  resources  under  relatively  shallow  over- 
burden, and  thereby  probably  mineable  by  open-pit  methods.  Further, 
the  area  would  be  subjected  to  runoff  from  a  large  water  shed; 
flooding  and  water  pollution  would  be  potentially  significant  problems 
Stake  Springs  Draw,  a  major  source  of  water  for  livestock  and  deer 
would  also  be  covered,  as  would  a  substantial  area  of  relatively 
good  valley  bottom  grazing. 

West  Spring  Creek  -  The  following  statements  amplify  the  advantages 
of  this  disposal  area.  No  mineable  reserves  would  be  covered  by 
waste  disposal  in  this  area,  and  water  pollution  and  drainage  problems 
should  be  minimized  since  it  is  located  near  the  headwaters  of  a 
single  drainage  system.  The  waste  capacity  of  the  West  Spring  Creek 
Site  (which  would  be  a  canyon  fill)  is  relatively  good.  On  approxi- 
mately 5,600  acres,  at  an  average  depth  of  about  360  feet,  the  area 
could  contain  almost  3.3  billion  cubic  yards.  The  surface  area  to 
be  reclaimed  would  be  relatively  less  than  for  other  areas  because 
of  the  much  deeper  fill;  reclamation  should  be  less  than  the  other 
potential  waste  areas,  because  of  greater  precipitation  at  this 
elevation. 

Available  information  does  not  indicate  any  significant  usage  by 
feral  horses.  Although  a  subjective  observation,  it  is  thought  that 
use  of  this  area  would  have  little  visual  impact,  since  it  is  remote 
and  not  readily  visible.  The  site  is  relatively  well  protected  from 
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the  effects  of  the  wind  so  that  fugitive  dust  problems  should  be 
minimal . 

There  are  several  disadvantages  to  the  use  of  the  West  Spring  Creek 
site.  Currently  the  area  provides  good  to  excellent  livestock 
grazing  and  wildlife  summer  range,  and  contains  potential  raptor 
nesting  areas.  It  is  a  scenic  area  including  heavy  evergreen  stands; 
RBOSP  believes  that  it  has  a  comparatively  good  potential  for  archaeo- 
logical values.  Use  of  this  disposal  site  would  significantly 
extend  the  environmental  impact  of  the  project,  since  an  extensive 
conveyor  belt  system  to  carry  spent  shale  and  waste  would  be  required. 
The  conveyor  belt  system  would  average  about  eight  miles  in  length 
and  would  impact  more  than  one  ecosystem.  Additionally,  it  would  be 
quite  costly  to  move  the  spent  shale  and  waste  for  a  total  distance 
of  some  eight  miles  (about  four  miles  further  than  84  Mesa,  requiring 
1200  feet  of  additional  lift).  Use  of  this  site  would  also  require 
acquisition  of  approximately  600  acres  now  privately  owned,  adding 
to  the  cost.  These  extra  costs,  although  initially  paid  by  the 
company,  would  ultimately  be  borne  by  the  public. 

West  and  Northwest  of  Tract  -  The  advantages  of  the  four  canyons 
making  up  the  area,  (Box  Elder  Gulch,  Water  and  Corral  Gulch,  Dry 
Fork,  and  Big  Duck  Creek)  are  the  proximity  to  the  tract,  resulting 
in  minimal  major  environmental  impact,  with  that  impact  being  limited 
to  the  same  basic  ecosystem.  They  also  have,  RBOSP  believes,  relatively 
limited  scenic  value,  and  relatively  low  grazing  value  for  either 
livestock  or  wildlife.  As  valley  fill  sites,  their  use  would  cause 
relatively  little  negative  visual  impact.  The  four  canyons  taken 
together  cover  approximately  7,600  acres.  The  fill  would  be  about 
190  feet  in  average  thickness  and  would  accommodate  approximately 
2.3  billion  cubic  yards. 

Disadvantages  of  the  four  canyons  used  for  disposal  are  several. 
They  overlie  mineable  oil  shale  reserves  with  relatively  shallow 
overburden.  There  are  title  questions  with  respect  to  the  ownership 
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of  this  land,  and  it  is  not  certain  that  it  would  even  be  available 
for  waste  disposal.  The  four  canyons,  although  located  near  the 
headwaters  of  the  various  drainages,  are  each  in  a  separate  drainage 
course,  and  use  for  waste  disposal  would  cover  several  seepage 
springs.  The  area  is  a  summer  range  for  feral  horses,  although  other 
wildlife  use  is  not  thought  to  be  extensive.  This  disposal  area 
would  require  approximately  600  feet  more  vertical  lift  than  would 
84  Mesa,  although  the  distance  to  move  waste  is  comparable  to  84 
Mesa. 

Douglas  Creek  -  The  principal  advantages  of  the  Douglas  Creek  Disposal 
site  are:  no  mineable  reserves  of  oil  shale  would  be  covered  by  use 
of  this  area;  the  area  is  poor  grazing  for  both  domestic  livestock 
and  wildlife;  and,  although  revegetation  would  be  difficult,  success- 
ful efforts  would  probably  improve  the  present  carrying  capacity. 
The  scenic  values  of  the  area,  although  not  significant,  could  be 
enhanced  by  a  successful  revegetation  program. 

There  are  several  disadvantages  to  the  Douglas  Creek  disposal  site. 
It  is  limited  in  capacity.  It  would  be  necessary  to  fill  five 
separate  canyons,  East  Fourmile  Draw,  State  Bridge  Draw,  Vandamore 
Draw,  Philadelphia  Draw  and  Cow  Canyon,  the  total  area  of  which 
would  be  about  6,500  acres.  With  an  average  depth  approximating  170 
feet,  the  total  capacity  of  these  five  canyons  would  be  approximately 
1.8  billion  cubic  yards.  The  areas  are  also  at  excessive  distances 
from  the  tract,  requiring  waste  haulage  distances  averaging  around 
eleven  miles  (seven  miles  further  than  84  Mesa).  These  additional 
distances  would  significantly  expand  the  environmental  impact  and 
would  involve  several  ecosystems,  including  the  unique  area  of 
Cathedral  Bluffs.  Because  the  disposal  sites  are  next  to  the  Douglas 
Pass  Highway,  there  would  be  a  high  visual  impact  in  areas  that  had 
not  been  reclaimed.  Use  of  this  disposal  area  would  affect  several 
drainage  systems  which  would  not  otherwise  be  impacted,  and  would 
affect  potential  raptor  nesting  areas.  This  area  would  be  signifi- 
cantly more  costly  because  of  the  distance  and  disposal  complications 
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on  the  steep  face  of  the  bluffs.  This  expense  would  be  ultimately 
passed  on  to  the  consumer. 

•    84  Mesa  -  The  advantages  of  84  Mesa  include  its  immediate  proximity 
to  Tract  C-a,  which  results  in  reducing  the  total  area  impacted,  and 
in  limiting  the  impact  to  one  ecosystem.  The  disposal  site  covers 
oil  shale  reserves,  but  at  overburden  depths  similar  to  Tract  C-b, 
where  open-pit  mining  is  not  believed  economically  feasible.  This 
area  is  of  marginal  value  for  wildlife  habitat  and  does  not  possess 
unusual  or  outstanding  scenic  values.  Also,  it  is  not  believed  to 
contain  any  valuable  or  unique  floral  species.  Because  84  Mesa  does 
not  contain  any  major  established  drainages,  water  pollution  and 
runoff  problems  could  result  only  from  the  precipitation  on  the  area 
itself  or  from  the  waste  disposal  operations.  The  waste  haulage 
distance  to  the  area  would  average  about  four  miles.  Waste  would 
cover  about  3,700  acres.  With  an  average  thickness  of  260  feet,  the 
capacity  would  be  about  1.6  billion  cubic  yards.  Of  the  areas 
considered,  84  Mesa  appears  least  costly,  both  economically  and 
environmentally.  A  successful  reclamation  effort  should  measurably 
improve  the  habitat  characteristics  of  this  waste  disposal  area. 

The  disadvantages  of  the  use  of  84  Mesa  disposal  site  include  its 
wide  visual  impact,  since  it  will  be  visible  from  virtually  every 
direction.  RBOSP  believes  appropriate  contouring  and  reclamation 
can  effectively  minimize  this  impact,  however.  This  site  would  have 
relatively  greater  vulnerability  to  wind  and  runoff  erosion  as 
compared  to  valley  filling,  but  the  use  of  overburden  to  finally 
cover  spent  shale  and  sufficiently  stabilized  final  slopes  should 
provide  adequate  retention  of  both  rain  and  snow  precipitation 
without  significant  surface  erosion. 

The  review  indicated  that  84  Mesa  appeared  to  have  the  best  potential  for  an 
off-tract  disposal  area  both  technically  and  environmentally.  Subsequently, 
RBOSP  decided  that  a  more  detailed  analysis  of  each  of  the  areas  was  required 
to  confirm  the  desirability  of  the  84  Mesa  area  as  a  disposal  site.  The  areas 
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consisting  of  several  canyons  were  divided  into  separate  sites  for  each  canyon 
and  additionally,  four  other  areas  were  to  be  included  in  the  evaluation.  All 
together,  RBOSP  evaluated  16  alternative  disposal  sites  on  the  basis  of  environ- 
mental factors,  capacity,  and  overall  economics.  The  results  of  the  analyses 
indicated  that  84  Mesa  best  satisfies  the  requirements  for  off-tract  disposal. 
The  proposed  84  Mesa  area,  located  north  and  east  of  the  tract,  is  shown  as 
alternative  No.  9  on  Figure  7-2-1. 

2.2  ANALYSIS 

RBOSP  elected  to  evaluate  alternative  disposal  sites  based  on  environmental 
and  operational  considerations.  The  environmental  comparison  was  made  strictly 
on  the  relative  environmental  impact  of  each  alternative  disposal  site  assuming 
the  development  of  a  mature  oil  shale  industry  on  Tract  C-a.  The  economic  and 
technical  comparison  evaluated  the  operational  aspects  of  waste  disposal  in 
terms  of  cost,  transport  distance  and  resource  recovery.  Each  of  these  separate 
comparisons  indicated  a  preference  for  84  Mesa  as  the  off-tract  disposal  area. 

A.  Environmental  -  The  environmental  analysis  was  performed  to  provide  as 
fair  and  objective  an  environment  evaluation  of  alternate  waste  disposal  sites 
as  could  be  reasonably  obtained.  The  analysis  considered  the  environmental 
disturbances,  the  natural  limitations  of  reclamation  and  the  diverse  interests 
of  local  residents,  hunters,  industry  and  other  related  groups. 

RBOSP  conducted  an  in-house  survey  of  available  information  to  select  alterna- 
tive disposal  sites.  The  criteria  used  for  selection  of  these  sites  were: 

•  Reasonable  proximity  to  the  lease  area. 

•  Physical  suitability  for  use  as  disposal  sites, 
t    Alternative  not  to  preclude  future  development. 

t    Inclusion  of  sites  previously  recommended  in  the  Department  of 

Interior  EIS,  independent  engineering  and  environmental  studies  and 
other  internal  reports. 
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Parties  from  a  variety  of  technical  areas  were  consulted,  and  a  panel  composed 
of  nine  members  conducted  the  environmental  evaluation.  Two  of  the  panel 
members  were  RBOSP  employees  and  the  other  seven  were  employees  of  RBOSP 
environmental  and  engineering  subcontractors.  A  listing  of  panel  members  is 
included  in  the  RBOSP  report,  Environmental  Evaluation  Procedures  and  Disposal 
Site  Evaluation,  August  1975,  previously  submitted  to  the  AOSS  and  the  OSEAP. 

The  16  potential  sites  shown  in  Figure  7-2-1,  were  selected  by  the  panel. 
Realizing  a  need  for  a  decision  making  model,  the  panel  reviewed  various 
available  models  and  selected  the  DARE  (Decision  Alternative  Rationale  Evalua- 
tion) system. 

The  DARE  method  is  a  linear  model  which  is  easy  to  use,  easy  to  understand, 
and  adaptable  to  environmental  analysis.  This  method  has  been  used  success- 
fully in  the  past  to  evaluate  alternatives  on  an  environmental  basis. 

The  DARE  system  involves  pairwise  comparison  of  pre-selected  parameters  on  a 
random  basis.  The  decision  maker(s)  compares  one  parameter  with  another.  The 
DARE  model  assumes  that  subjective  judgments,  used  to  establish  and  rank 
evaluation  parameters,  are  reliable.  The  panel  approach  to  rating  minimizes 
the  effect  of  individual  bias  on  ranking  of  parameters  and  provides  increased 
reliability.  The  mechanics  of  the  DARE  method  assign  values  to  subdivisions 
within  any  one  parameter.  The  mechanics  incorporate  unity  as  a  basis  for 
final  ranking.  A  further  description  of  the  DARE  system  is  found  in  the  RBOSP 
report  Environmental  Evaluation  Procedures  and  Disposal  Site  Evaluations, 
August  1975.  Tables  presented  herein  are  based  on  this  report. 

The  DARE  system  compares  alternatives  based  on  pre-selected  parameters.  Care 
is  essential  in  choosing  rating  parameters  that  are  complete  and  exhaustive 
and  have  minimum  overlap. 

Nine  parameters  were  chosen  as  representative  of  environmental  impact  potential 
The  parameters  chosen  were: 
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Habitat  and  use. 
Rehabilitation. 
Air  quality. 
Water  quality. 
Erosion  potential . 
Unique  aspects. 
Scenic  and  recreation. 
Contingencies. 
Noise  potential . 

The  mechanics  used  to  weight  each  impact  parameter  may  be  found  in  the  RBOSP 
report.  The  unadjusted  individual  scores  and  total  environmental  scores  of 
the  16  alternative  disposal  sites  are  presented  in  Table  7-2-1.  The  unadjusted 
scores  reflect  an  environmental  evaluation  unique  to  each  area.  The  higher 
the  score,  the  more  desirable  an  area  is  for  utilization  as  a  disposal  site. 

To  determine  standard  deviations,  a  modified  (Studentized)  Newman-Kuels  multiple 
range  test  was  performed  on  the  total  environmental  scores  in  Table  7-2-1. 
The  ranking  of  the  disposal  areas  by  groups,  which  are  statistically  similar, 
is  presented  in  Table  7-2-2.  The  total  environmental  scores  within  one  group 
may  be  numerically  different,  but  statistically  the  same,  and  therefore,  can 
be  treated  as  a  group. 

The  16  alternative  disposal  sites  vary  in  volume  sufficiency  relative  to  the 
total  quantity  of  waste  material  for  disposal  from  Phase  I  and  Phase  II  opera- 
tions. For  the  purpose  of  comparing  relative  volumes  for  each  disposal  site  a 
final  side  slope  of  2:1  was  used.  Surface  area  and  land  configuration  are 
limiting  factors  for  individual  disposal  site  capacity  as  final  disposal 
slopes  will  be  the  same  for  all  sites.  The  number  of  individual  disposal 
sites  which  must  be  utilized  to  furnish  the  required  total  capacity  prior  to 
open  pit  backfilling  complicates  disposal  site  selection.  Any  increase  in  the 
number  of  sites  will  result  in  additional  roads,  conveyors  and  water  control 
facilities  with  a  consequent  increase  in  environmental  disturbance.  To  evaluate 
multiple  disposal  sites,  individual  total  environmental  scores  must  be  adjusted 
downward  to  reflect  the  increased  environmental  disturbance.  The  amount  of 
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Table  7-2-2 

STATISTICAL  GROUPING  OF  TOTAL  ENVIRONMENTAL  SCORES 

(Unadjusted) 


Total 

Alternative  Disposal  Site 

Environmental 

Group 

No. 

1 

Name 

Score 

I 

Rinky  Dink  Gulch 

9.7 

2 

"84  Mesa" 

9.4 

3 

Dry  Fork 

9.4 

4 

Yellow  Creek 

8.9 

II 

5 

Big  Duck  Creek 

7.1 

6 

Box  Elder  Gulch 

6.9 

III 

7 

Rocky  Point  Draw 

5.9 

8 

Stake  Springs  Draw 

5.8 

9 

Water  &  Corral  Gulches 

5.4 

10 

Spring  Creek 

5.3 

IV 

11 

Bowman  Canyon 

4.5 

12 

Vandamore  Draw 

4.4 

13 

Philadelphia  Creek 

4.4 

14 

Cow  Canyon 

4.4 

15 

East  Four  Mile  Draw 

4.3 

16 

State  Bridge  Draw 

4.3 

downward  adjustment  is  a  function  of  the  number  of  individual  disposal  sites 
needed  to  furnish  the  required  disposal  capacity  prior  to  backfilling  and  was 
developed  from  the  exponential  equation,  f  =  l-(0.33  log  n)  where  n  is  the 
number  of  required  disposal  sites.  These  multiplication  or  sufficiency  factors 
are  applied  to  each  total  environmental  score  within  any  combination  of  sites 
to  provide  a  combined  adjusted  score  for  that  combination: 


No.  of  Sites  Required 

Prior  to 

Backfilling 


Multiplication  Factor 

1.00 
0.90 
0.84 
0.80 


The  adjusted  values  for  volume  sufficiency  are  shown  in  Table  7-2-3.  "Rinky 
Dink"  Gulch  (disposal  site  11  shown  on  Figure  7-2-1)  located  on  Tract  C-a  was 
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Table  7-2-3 

COMBINED  VALUES  OF  UP  TO  THREE  AREAS 
ADJUSTED  FOR  VOLUME  SUFFICIENCY 


Order  by 

Adjusted 

Score 

Site(s) 

Total 
Environ- 
mental 
Score 

9.4 

Suffic- 
iency 
Factor 

1.00 

Adjusted 
Score 

9.40 

Combined 

Adjusted 

Score 

1 

84  Mesa 

9.4 

2 

Dry  Fork 
Yellow  Creek 
Big  Duck  Creek 

9.4 
8.9 
7.1 

0.84 
0.84 
0.84 

7.90 
7.48 
5.96 

7.1 

3 

Dry  Fork 
Yellow  Creek 
Box  Elder  Gulch 

9.4 
8.9 
6.9 

0.84 
0.84 
0.84 

7.90 
7.48 
5.80 

7.1 

4 

Rocky  Point  Draw 
Yellow  Creek 

5.9 
8.9 

0.90 
0.90 

5.31 
8.01 

6.7 

5 

Dry  Fork 
Spring  Creek 

9.4 
5.3 

0.90 
0.90 

8.46 
4.77 

6.6 

6 

Box  Elder  Gulch 
Big  Duck  Creek 

6.9 
7.1 

0.90 
0.90 

6.21 
6.39 

6.3 

7 

Rocky  Point  Draw 

Dry  Fork 

Big  Duck  Creek 

5.9 
9.4 
7.1 

0.84 
0.84 
0.84 

4.96 
7.90 
5.96 

6.3 

8 

Stake  Springs  Draw 

5.8 

1.00 

5.80 

5.8 

9 

Bowman  Canyon 

5.8 

1.00 

5.80 

4.5 
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not  included  in  the  adjusted  environmental  scores  since  use  of  "Rinky  Dink" 
Gulch  as  a  disposal  area  severely  limits  maximum  Tract  C-a  resource  recovery. 
The  combined  adjusted  scores  show  a  clear  preference  for  the  84  Mesa  off- 
tract  disposal  site. 

B.  Technical  and  Economical  Evaluation 

1.  Resource  Recovery  -  Development  by  open  pit  mining  and  off-tract  dis- 
posal of  overburden,  sub-ore,  and  processed  shale  prior  to  backfilling  will 
provide  the  maximum  resource  recovery  for  Tract  C-a.  Off -tract  disposal  prior 
to  backfilling  will  allow  the  open  pit  mining  of  essentially  all  of  the  tract, 
resulting  in  a  resource  recovery,  estimated  by  RBOSP,  to  be  4.7  times  greater 
than  that  for  an  underground  multi-level  room-and-pillar  mining  operation  on 
Tract  C-a  (Section  4,  Mining,  Chapter  4,  Alternatives  and  Selection  Rationale). 
The  off-tract  disposed  material  can  be  rehabilitated  in  a  timely  fashion  as 
placement  of  the  disposal  material  allows. 

RBOSP  considers  on-tract  disposal  of  overburden,  sub-ore  and  processed  shale 
from  open  pit  mining  to  be  undesirable.  Construction  of  stable  easily  re- 
habilitated disposal  piles  on-tract  requires  that  the  shallow  oil  shale  re- 
source of  Tract  C-a  be  completely  covered  with  waste  material  before  back- 
filling at  100%  could  begin.  The  results  would  be  that  the  size  of  the  open 
pit  would  be  limited  and  resource  recovery  minimized.  Increased  resource 
recovery  from  Tract  C-a  with  on-tract  disposal  could  be  accomplished  by: 

•  Continuing  open  pit  mining  and  constructing  high  steep  sided  disposal 
piles  that  would  be:  unstable,  virtually  impossible  to  rehabilitate, 
and  disturbed  continually  because  of  the  necessary  rehandling. 

t    Removing  supplemental  oil  shale  resource  from  the  individual  rich 
zones  (Section  4,  Mining,  Chapter  3,  Mine  Site  Geology)  by  multi- 
level underground  room-and-pillar  mining  and  disposing  of  the  pro- 
cessed shale  in  the  abandoned  open  pit. 

Of  the  above  two  alternatives,  supplemental  multi-level  room-and-pillar  mining 
would  be  the  most  desirable  from  an  environmental  and  economical  standpoint. 
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However,  RBOSP  has  estimated  that  the  resource  recovered  from  the  limited  size 
open  pit  combined  with  that  from  the  supplemental  multi-level  room-and-pillar 
mining  would  only  be  about  one  fourth  of  the  resource  recoverable  by  open  pit 
mining  with  off-tract  disposal. 

Maximizing  recovery  of  in-place  oil  shale  from  Tract  C-a  is  imperative  for 
total  resource  conservation.  Depending  upon  specific  disposal  site  specifi- 
cations, off-tract  disposal  prior  to  backfilling  may  require  nearly  as  much 
surface  area  as  Tract  C-a.  Therefore,  total  surface  area  disturbed  during 
open  pit  mining  of  the  entire  Tract  and  off-tract  disposal  operations  will  be 
approximately  the  size  of  two  Tract  C-a's.  To  recover  resource  equivalent  to 
that  recoverable  from  open  pit  mining  of  the  entire  tract  would  require  combina- 
tion open  pit  and  multi-level  room-and-pillar  mining  with  on-tract  disposal  of 
four  tracts  comparable  in  surface  area  and  resource  value  to  Tract  C-a. 
Considering  equivalent  maximum  resource  recovery,  the  surface  area  ultimately 
disturbed  by  the  on-tract  disposal  case  would  be  twice  the  surface  area  disturbed 
by  the  proposed  off-tract  and  backfill  case. 

Considering  maximum  in-place  oil  shale  recovery  and  the  resulting  affect  on 
total  resource  conservation,  RBOSP  sees  a  clear  preference  for  off-tract  dis- 
posal of  overburden,  sub-ore  and  processed  shale  until  it  is  feasible  to  begin 
backfilling  of  the  open  pit. 

2.  Operational  -  To  determine  the  best  off-tract  disposal  site  from  an 
operational  point  of  view  required  that  the  15  alternative  off-tract  disposal 
sites  shown  on  Figure  7-2-1  be  evaluated  technically  and  economically.  "Rinky 
Dink"  Gulch,  the  on-tract  disposal  site,  was  also  evaluated  in  order  to  deter- 
mine its  operability.  Location  of  the  open  pit  mine  was  held  constant  in  the 
northwest  corner  of  the  tract  because  of  less  overburden  (Section  4 
Mining,  Chapter  5,  Alternatives  and  Selection  Rationale).  The  DARE  system, 
previously  described  and  utilized  in  the  environmental  analysis  was  used  to 
establish  the  relative  rank  of  each  disposal  site.  Applying  the  DARE  system 
to  operational  analysis  permits  a  comparison  to  the  environmental  analysis. 
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A  panel  of  engineers  selected  seven  parameters  representing  physical  factors 
which  influence  operations.  The  panel  further  established  the  relative  weights 
of  each  parameter.  The  parameters  used  to  rank  each  alternative  disposal  site 
are  itemized  below: 

•  Disposal  capacity  (specific  site  capacity  relation  to  capacity 
required  prior  to  backfilling) 

•  Distance  to  the  disposal  site  (haulage  distance  as  opposed  to  hori- 
zontal distance) 

•  Maximum  rise  in  the  disposal  corridor  (vertical  lift  required) 

§    Ease  of  distribution  within  the  area  (degree  of  difficulty  in  con- 
struction of  disposal  sites) 

•  Attainable  depth 

t    Volume  availability  (total  surrounding  area) 
0    Disposal  site  surface  area  (relation  to  volume) 

Although  no  unit  costs  appear,  the  majority  of  the  parameters  are  directly  re- 
lated to  cost.  The  relative  importance  placed  on  such  items,  therefore, 
includes  a  cost  factor. 

The  parameters  used  for  rating  disposal  site  alternatives  were  selected  to 
evaluate  each  site  on  an  equitable  and  non-baised  basis.  Any  viable  ranking 
system  will  logically  group  areas  that  have  similar  characteristics.  The  DARE 
method  shows  this  to  be  true  for  the  16  considered  sites.  For  example,  84 
Mesa,  Stake  Springs  Draw,  Rinky  Dink  Gulch,  Bowman  Canyon,  Yellow  Creek  and 
Rocky  Point  Draw  could  all  be  operated  independently  as  disposal  sites.  Big 
Duck  Creek  and  Spring  Creek  are  well  suited  for  joint  operation,  as  are  Box 
Elder  Gulch,  Water  and  Corral  Gulches,  and  Dry  Fork.  The  five  sites  in  the 
Douglas  Creek  area  could  be  used  collectively  for  Phase  I  and  Phase  II  disposal 
plans.  The  results  of  the  operational  evaluation  of  the  16  alternative  disposal 
sites  are  presented  in  Table  7-2-4.  Table  7-2-5  presents  the  16  alternative 
disposal  sites  ranked  on  the  basis  of  total  operational  score.  The  DARE 
operational  evaluation  indicates  that  84  Mesa  is  the  best  off-tract  disposal 
site  alternative. 
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Table  7-2-5 
RANKING  OF  ALTERNATIVE  DISPOSAL  SITES 


Total 

Alternative  Disposal  Site 

Operation 

No. 

Name 

Score 

9 

84  Mesa 

12.25 

10 

Stake  Springs  Draw 

9.51 

11 

Rinky  Dink  Gulch 

8.03 

16 

Bowman  Canyon 

7.43 

7 

Big  Duck  Creek 

7.43 

8 

Box  Elder  Gulch 

6.59 

12 

Yellow  Creek 

6.46 

6 

Spring  Creek 

6.38 

14 

Water  &  Corral  Gulches 

6.12 

13 

Dry  Fork 

5.98 

15 

Rocky  Point  Draw 

5.94 

4 

Philadelphia  Creek 

4.09 

1 

East  Four  Mile  Draw 

3.65 

3 

Vandamore  Draw 

3.44 

2 

State  Bridge  Draw 

3.35 

5 

Cow  Canyon 

3.30 

Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 


C.  Conclusion  -  Maximum  resource  recovery  consistent  with  maximum  resource 
conservation  require  off-tract  disposal  of  overburden,  sub-ore,  and  processed 
shale  prior  to  backfilling  of  the  open  pit.  The  84  Mesa  area  best  fulfills 
the  following  considerations  for  an  off-tract  disposal  site: 

•  Minimum  regional  environmental  impact 

•  Good  rehabilitation  capability 

•  Close  proximity  to  mine  and  plant 

t    Capability  for  commercial  scale  operation 

The  DARE  analysis  of  environmental  factors  indicates  the  84  Mesa  to  be  as  good 
a  disposal  site  as  any.  The  area  has  an  average  of  one  to  two  feet  of  soil  and 
subsoil  which  can  be  recovered  and  used  for  rehabilitation.  The  site  will 
allow  early  stabilization  and  revegetation  of  the  disposed  material  as  dis- 
posal operations  proceed  prior  to  backfilling.  It  is  close  to  the  mine 


7-2-19 


(approximately  3  miles)  and  to  the  plant  (approximately  1-1/2  miles).  The  84 
Mesa  disposal  site  has  sufficient  capacity  to  contain  all  the  disposal  material 
prior  to  backfilling  and  is  easily  amendable  to  different  production  rates. 

Of  the  alternative  off-tract  disposal  sites  considered,  84  Mesa  is  the  most 
desirable  from  an  environmental,  technical  and  economic  standpoint. 
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CHAPTER  3 
PHASE  I  DISPOSAL  OPERATION 


The  disposal  plan  for  Phase  I  is  based  on  mining  and  retorting  production 
schedules  for  Phase  I.  Mining  and  disposal  of  overburden  and  sub-ore  is 
scheduled  to  begin  in  June  of  1978.  Disposal  of  processed  shale  is  scheduled 
to  begin  14  months  later  in  August  of  1979  when  the  first  TOSCO  II  retort  is 
operational  and  ore  grade  oil  shale  is  fed  to  the  retort. 

A  relatively  constant  amount  of  disposal  material  will  be  generated  throughout 
Phase  I  operations.  Overburden  and  sub-ore  disposal  quantities  decrease  as 
processed  shale  increases.  Therefore,  the  equipment,  manpower  and  disposal 
requirements  will  also  remain  relatively  constant. 

Processed  shale  will  be  transported  approximately  15,000  feet  along  a  haul  road 
from  plant  load-out  facilities  to  the  disposal  area  by  150-ton,  bottom-dump 
trucks.  Mine  run  overburden  and  sub-ore  will  be  transported  approximately 
18,500  feet  along  a  haul  road  from  the  mine  to  the  disposal  area  by  85-ton, 
rear-dump  trucks. 


3.1  CHARACTERISTICS  OF  SOLIDS 

A.  TOSCO  II  Processed  Shale  -  The  characteristics  of  TOSCO  II  processed  shale 
have  been  determined  by  tests  conducted  by  TOSCO  and  other  Colony  Development 

Operation  participants.  TOSCO  II  processed  shale  was  found  to  be  an  extremely 
fine  material  with  a  variable  dry  bulk  density  of  55  to  65  pcf.  Processed 
shale  particles  are  crystalline  and  bulky  as  opposed  to  platy,  with  little 
variation  in  particle  size.  A  typical  particle  size  distribution,  shown  in 
Table  7-3-1,  indicates  that  processed  shale  contains  a  yery   high  percentage  of 
fines  material  (39.6%,  less  than  200  mesh). 
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Table  7-3-1 

TOSCO  II  PROCESSED  SHALE 
SIEVE  ANALYSIS 

%   Passing 
Mesh  Size  Dry  Weight 

4  95.3 

10  88.2 

20  82.6 

40  78.8 

80  61.0 

100  55.2 

200  39.6 

325  31.0 

It  is  the  intent  of  RBOSP  to  completely  enclose  the  processed  shale  with  over- 
burden. Prior  to  the  time  that  this  is  accomplished,  however,  working  or 
active  slopes  of  processed  shale  will  be  exposed.  The  characteristics  of  TOSCO 
II  processed  shale  will  affect  the  behavior  of  the  exposed  slopes. 

The  angle  of  repose  for  dry  TOSCO  II  processed  shale  is  about  35°.  However, 
under  saturated  conditions,  the  angle  of  internal  friction  is  20°,  slightly 
steeper  than  a  3:1  slope.  If  moisture  content  of  the  processed  shale  is  less 
than  that  of  saturation,  the  average  angle  of  internal  friction  is  32°,  and  the 
average  cohesion  is  1000  psf.  Saturated  cohesion  for  processed  shale  averages 
400  psf.  The  stability  of  processed  shale  is  inversely  proportional  to  moisture 
content.  Slope  failure  due  to  liquefaction  is  a  critical  factor  which  must  be 
considered  in  the  design  of  a  processed  shale  disposal  pile.  Construction  of 
the  pile  should  be  such  that  the  pile  will  not  become  saturated.  However,  the 
pile  slope  has  been  designed  to  4:1  so  that  if  the  outer  surface  (say  about  two 
feet)  of  the  processed  shale  pile  is  saturated  and  a  1.5  safety  factor  is 
included,  the  pile  will  remain  stable  at  an  infinite  height.  Seismic  affects 
on  an  outer  saturated  layer  from  shocks  (shock  induced  liquefaction)  would  only 
result  in  minor  slumpages  or  bulges  if  the  slope  was  4:1. 

It  is  estimated  that  5%  settlement  will  occur  in  a  pile  approximately  1000  feet 
high.  Field  compaction  tests  conducted  at  Colony  Development  Operation's  test 
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plot  of  processed  shale  in  18-inch  lifts  indicate  a  moisture  content  of  13% 
will  provide  a  maximum  compacted  density  of  100  to  110  pcf.  Therefore,  RBOSP 
felt  that  a  compacted  density  of  a  least  85  pcf  (dry)  can  be  obtained  with 
normal  haulage  and  disposal  equipment  traffic  on  dumps  constructed  in  24-inch 
lifts.  Mechanical  compactors  can  be  used  to  provide  a  dry  density  of  90  pcf  to 
the  exterior  of  the  pile.  As  production  begins,  field  compaction  and  density 
tests  will  be  made  on  test  plots.  Results  will  be  used  to  improve  pile  design. 
Processed  shale  will  leave  the  retorting  facility  with  up  to  14  weight  percent 
moisture. 

The  results  of  permeability  tests  on  a  mixture  of  65%  TOSCO  II  processed  shale 
and  35%  Paraho  processed  follows  an  expected  trend.  Under  compacted  densities 
of  about  90  pcf  the  permeabilities  obtained  are  classified  as  semi-pervious  to 
impervious.  Permeability  was  also  shown  to  decrease  as  the  pile  depth  increased, 
Samples  classified  as  impervious  (under  8000  psf  surcharge  to  simulate  burial 
at  a  depth  of  approximately  90  ft.)  had  permeabilities  that  range  from  0.3  feet 
per  year  to  0.6  feet  per  year.  The  studies  also  indicated  that  increasing 
fines  would  decrease  permeabilities.  Therefore,  the  Phase  I,  processed  shale 
disposal  pile  consisting  of  100%  TOSCO  II  processed  shale  if  well  compacted 
should  be  essentially  impervious,  which  will  prevent  saturation. 

At  various  time  intervals  throughout  the  permeability  tests  water  samples  of 
the  leachate  were  obtained.  Chemical  analyses  of  these  samples  are  shown  in 
Table  7-3-2. 

Table  7-3-2 

CHEMICAL  ANALYSIS  OF  LEACHATE 
(In  milligrams  per  liter) 


Time  Intervals 
(in  hours) 

Ca 

300 
290 
200 

Mg 

44 
28 
24 

Na 

1350 
900 
650 

co3 

70.1 
30.0 
36.0 

HC03 

so4 

3750 
2080 
1610 

CI 

95 
41 
27 

Fe 

0-  96 

96-145 

145-220 

520 
310 
240 

0.21 
0.28 
1.20 
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Samples  of  raw  oil  shale,  processed  shale  and  overburden  (waste)  were  analyzed 
for  trace  elements  for  RBOSP  by  Core  Laboratories,  Inc.  The  results  of  the 
trace  element  analysis  are  presented  in  Section  3,  Table  3-3-4. 

B.  Overburden  and  Sub-Ore  -  Overburden  is  defined  as  being  any  rock  lying 
above  commercial -grade  oil  shale,  which  includes  most  of  the  material  above  the 
Mahogany  zone.  Sub-ore  is  low  grade  oil  shale  with  an  equivalent  content  of 
from  8  GPT  to  a  selected  cutoff  grade.  Generally,  ROM  overburden  will  have  a 
size  consist  similar  to  ROM  oil  shale.  Table  7-3-4  presents  a  ROM  oil  shale 
size  consist. 

Table  7-3-4 
ROM  SIZE  CONSIST 


Screen  Size 

Percent 

Range  in  Inches 

By 

We 

ight  Retained 

+18 

10 

12x18 

16 

8x12 

14 

6x  8 

10 

4x  6 

14 

3x  4 

6 

2-l/2x  3 

5 

lx  2-1/2 

14 

l/2x  1 

6 

Ox  1/2 

5 
100 

Reference:  USBM  Report 

5563, 

P. 

13 

The  average  in-place  density  of  overburden  and  sub-ore  is  155.5  pcf.  The  loose 
density,  after  mining,  will  be  103.7  pcf.  When  placed  in  a  disposal  pile,  with 
10%  compaction,  the  density  will  be  114.8  pcf.  The  unconsolidated  angle  of 
repose  for  this  material  is  35°;  however,  disposal  pile  design  will  be  based  on 
a  4:1  final  slope  (14°2')  to  aid  rehabilitation  and  revegetation.  Field 
experiments  during  Phase  I  will  determine  optimum  slope  angle. 
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Stratigraphic  data  indicate  that  mine  waste  (overburden)  consist  of  35%  to  65% 
sandstone,  5%  to  2:0%  siltstone,  5%  to  35%  marlstone  and  0  to  25%  shale. 


3.2  DESIGN  CRITERIA 

A.  Processed  Shale  -  Processed  shale  production  is  scheduled  to  begin  in 
August  1979,  and  will  increase  throughout  the  six-year  life  of  Phase  I  as  a 
result  of  increased  on  stream  time.  An  increase  of  retort  on  stream  time  is 
expected  as  operating  experience  is  obtained  with  each  retort.  The  first 
retort  is  expected  to  attain  full  productivity  in  1981,  and  the  second  retort, 
in  1984.  Processed  shale  haulage  equipment  scheduling  must  correspond  to  the 
higher  production  rates  of  the  retorts  to  ensure  reliability  of  the  system. 

Table  7-3-5  shows  calendar  year  compacted  disposal  volumes  based  on  retort 
throughput  capacity. 

Table  7-3-5 

PHASE  I 

PROCESSED  SHALE  -  PRODUCTION  QUANTITIES 
(Quantities  in  millions) 


Ore 


Processed  Shale 


To 

Dry 

Compac 

:ted 

Annual 

C 

iimulative 

Calendar 

Retort 

Weight 

Volume* 

Volume 

Year 

(Tons) 
0 

(Tons) 

cy 

Cy 

1978 

1979 

1.0 

0.9 

0.8 

0.8 

1980 

2.4 

2.1 

1.8 

2.6 

1981 

3.2 

2.8 

2.4 

5.0 

1982 

4.5 

4.0 

3.5 

8.5 

1983 

6.0 

5.4 

4.7 

13.2 

1984 

6.8 

6.1 

5.3 

18.5 

1985 

4.0 

3.5 

3.0 

21.5 

*Compacted  processed  shale  density  =  1.15  tons/cy 

Production  rates  for  equipment  sizing  were  calculated  using  a  moisture  content 
of  15%  and  a  design  availability  factor  of  0.8.  Processed  shale  will  leave  the 
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retort  with  up  to  14  weight  percent  moisture.  Additional  watering  to  prevent 

dusting  may  raise  this  somewhat  which  would  counter  moisture  loss  through 

evaporation.  Therefore,  an  estimated  15%  moisture  for  processed  shale  is 

considered  valid.  Annual  processed  shale  volumes  were  determined  from  annual 

3 
dry  processed  shale  tonnages  using  an  estimated  density  of  85.2  lb/ ft  .  Total 

compacted  processed  shale  volume  for  the  Phase  I  project  is  about  21.5  million 

cubic  yards. 

B.  Overburden  and  Sub-Ore  -  Phase  I  pre-stripping  of  overburden  and  sub-ore 
will  begin  in  June  1978.  Stripping  operations  will  be  performed  on  a  6.9  hour 
per  shift,  3  shift  per  day,  250  days  per  year  basis. 

Overburden  quantities  for  Phase  I  disposal  are  summarized  in  Table  7-3-6. 

Table  7-3-6 

PHASE  I 

OVERBURDEN  AND  SUB-ORE  -  PRODUCTION  QUANTITIES 
(Quantities  in  millions) 


Cumulative 

Overburden  &  Sub-Ore 

Overburden  &  Sub-Ore 

Compacted 

Compacted 

Calendar 

Sub-Ore 

Overburden 

Volume** 

Volume 

Year 

(Tons) 
2.0 

(Tons) 
3.5 

(Cy) 

(Cy) 

1978 

3.5 

3.5 

1979 

3.1 

6.3 

6.0 

9.5 

1980 

2.1 

6.8 

5.7 

15.2 

1981 

3.0 

5.3 

5.4 

20.6 

1982 

2.0 

5.0 

4.5 

25.1 

1983 

1.1 

4.4 

3.5 

28.6 

1984 

0.8 

1.9 

1.7 

30.3 

1985 

0.2 

0.4 

0.4 

30.7 

** 


Compacted  overburden  and  sub-ore  density  =1.55  tons/cy 


The  total  compacted  overburden  and  sub-ore  volume  for  the  Phase  I  project  is 
about  31  million  cubic  yards. 
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3.3  SITE  LOCATION  AND  AREAL  REQUIREMENTS 

The  proposed  site  for  disposal  of  processed  shale  overburden  and  sub-ore  for 
Phase  I  is  located  in  the  southwest  corner  of  the  84  Mesa  disposal  area  and  is 
indicated  on  Figure  7-3-1.  A  description  of  land  status  of  the  84  Mesa  area  is 
provided  in  Section  3,  Chapter  2.  A  discussion  of  off-tract  land  acquisition 
prior  to  development  is  discussed  in  Section  2.  The  assumption  is  made  herein 
that  the  off-tract  land  required  for  Phase  I  and  Phase  II  disposal  will  be 
available.  A  storage  area  of  355  acres  will  be  required  to  contain  the  volume 
of  the  three  materials  produced  during  Phase  I.  Placement  of  overburden  and 
sub-ore  will  begin  in  June  1978,  in  the  southwest  corner  of  the  disposal  area, 
at  the  6900-foot  elevation.  The  top  of  the  pile  will  be  at  the  7000-foot 
elevation  with  a  maximum  pile  depth  of  300  feet.  Sub-ore  will  be  disposed  of 
on  the  west  side  of  the  site  as  also  shown  on  Figure  7-3-1  to  facilitate 
recovery  in  the  event  the  sub-ore  becomes  commercial.  Constructed  side  slopes 
will  be  dressed  to  a  final  slope  of  approximately  4:1,  which  is  required  for 
effective  revegetation.  Volumetrics  relative  to  top  elevation  are  shown  in 
Table  7-3-7. 

Table  7-3-7 

OFF-TRACT  OVERBURDEN  AND  SUB-ORE  DISPOSAL  PILE 
(Quantities  in  millions) 

PHASE  I 


Area 

Volume 

Volume 

Cumulative 

Elev. 

Per  Elevation 

Between  Elevations 

Between  Elevations 

Volume 

(ft) 

(ft2) 

(ft3) 

(cy) 

(cy) 

Toe 

8.1 

0.3 

0.3 

6750 

1.2 

90.3 

3.3 

3.6 

6800 

2.6 

186.0 

6.9 

10.5 

6850 

5.0 

273.5 

10.1 

20.6 

6900 

6.0 

395.0 

14.6 

35.2 

7000 

2.3 
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Stripped  topsoil  to  be  used  in  rehabilitation  (Section  9,  Chapter  8,  Land 
Rehabilitation),  will  require  a  storage  area  of  approximately  20  acres.  Top- 
soil  storage  pile  development,  which  will  begin  in  June  1978,  will  be  located 
southeast  of  the  processed  shale  and  overburden  piles  as  shown  on  Figure 
7-3-1.  The  soil  placed  in  the  storage  pile  will  remain  there  until  the  time 
in  which  backfilling  can  begin,  at  which  time  nutrients  will  be  added  to 
regain  soil  fertility.  Soil  required  for  revegetation  during  Phase  I  will 
come  from  soil  stripping  directly  in  front  of  the  advancing  face  of  the  pile. 
This  procedure  will  insure  maximum  soil  fertility.  Bottom-dump  trucks  will 
transport  the  processed  shale  to  the  pile  surface  on  a  haul  road  and  access 
ramp  system  (Figure  3-3-4).  Overburden  from  the  open  pit  mine  will  be  used  to 
construct  this  ramp.  Total  pile  volumetrics  are  shown  in  Table  7-3-8. 

Table  7-3-8 

PROCESSED  SHALE  TOTAL  PILE  VOLUMETRICS 
(QUANTITIES  IN  MILLIONS) 

PHASE  I 

Area  Volume        Volume       Cumulative 


Elev. 

Per 

Elevation 

Between  Elevations 

Between  Elevations 

Vol ume 

(ft) 

(ft2) 

(ft3) 

(cy) 

(cy) 

6700 

0.7 

92.3 

3.4 

3.4 

6750 

3.4 

199.2 

7.4 

10.8 

6800 

4.6 

188.8 

7.0 

17.8 

6850 

3.0 

117.1 

4.3 

22.1 

6900 

1.7 

3.4  PROCESSED  SHALE  CONDITIONING,  TRANSPORT  AND  PLACEMENT 

Processed  shale  from  the  retorts  is  cooled  in  a  rotary  tube  cooler  by  the 
addition  of  water  (Section  6,  Processing).  Processed  shale  moisturizing  adds 


7-3-9 


about  14%  by  weight  water  and  cools  the  material  to  about  200°F.  The  moisture 
will  be  provided  from  scrubber  foam,  stripped  foul  water,  plant  area  runoff  and 
process  water  as  required.  The  water  is  adsorbed  by  the  processed  shale  with 
some  loss  by  evaporation.  The  cooled  processed  shale  is  delivered  from  the 
moisturizer  to  dual  belt  conveyors  and  is  transported  to  a  truck  load-out 
hopper.  Details  of  this  system  are  shown  on  Figure  7-3-2. 

The  truck  load-out  hopper  is  designed  with  three  (3)  150-ton  capacity  compart- 
ments having  nearly  vertical  sides.  These  features  are  required  to  prevent 
bridging  and  plugging  of  processed  shale  at  the  exit  gate.  Processed  shale  is 
transferred  into  the  bin  compartments  by  a  series  of  hydraulically  actuated 
plows  controlled  by  bin  level  sensors.  Emergency  storage  capacity  is  provided 
by  an  automatic  bin  overflow  system  which  delivers  material  to  a  surface 
storage  pile.  Front-end  loaders  are  used  to  reclaim  this  material. 

Processed  shale  will  be  transported  to  the  disposal  site  in  150-ton  bottom-dump 
trucks  or  large  rubber  tire  scrapers.  The  disposal  operations  as  shown  on 
Figure  7-3-3  will  be  scheduled  concurrently  with  retort  operations.  In  1979, 
two  trucks  or  an  equivalent  number  of  scrapers  will  be  required  for  disposal 
operations.  In  1982,  one  additional  truck  will  be  required. 

Removal  and  stockpiling  of  soil  and  sub-soil  will  be  the  first  step  in  disposal 
site  preparation.  An  access  ramp  for  the  processed  shale  pile  will  be  constructed 
of  overburden  from  the  open  pit  mine.  The  processed  shale  disposal  pile  will 
be  built  in  two  segments  corresponding  to  the  Phase  I  retort  staging  sequence. 
The  first  segment  will  begin  in  August  of  1979  as  the  first  retort  becomes 
operational  (Figure  7-3-1).  The  second  segment  will  begin  in  mid-1982  as  the 
second  retort  becomes  operational  (Figure  7-3-1,  Cross  Section  B-B'). 

The  trucks  or  scrapers  will  deposit  the  processed  shale  on  the  disposal  pile  in 
windrows  which  will  be  spread  in  about  24  inch  lifts  by  a  grader  (Figure 
7-3-3).  The  interior  80%  of  the  pile  can  be  compacted  to  an  estimated  85  pcf 
by  the  haulage  trucks  or  scrapers.  The  exterior  20%  of  the  pile  will  be 
compacted  to  an  estimated  90  pcf  by  mechanical  compactors  to  ensure  stability 
and  make  the  outer  portion  of  the  pile  impervious. 
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The  top  few  layers  of  processed  shale  will  be  well  compacted  to  form  an  im- 
pervious layer  which  will  retard  the  penetration  of  moisture.  The  entire 
processed  shale  pile  will  eventually  be  completely  enclosed  by  overburden. 
However,  during  Phase  I  and  early  years  of  Phase  II  the  compacted  processed 
shale  will  be  overlain  by  coarse  material  (overburden)  which  acts  as  a  barrier 
preventing  capillary  transport  of  dissolved  salts  from  the  processed  shale  to 
a  final  topsoil  cover  overlying  the  coarse  material  (Section  9,  Chapter  8,  Land 
Rehabilitation).  The  topsoil  will  then  be  revegetated  (Section  9,  Chapter  8, 
Land  Rehabilitation).  The  side  slopes  will  be  dressed  to  4:1  by  dozing  and 
grading.  The  completion  of  the  first  segment  of  the  Phase  I  processed  shale 
pile  will  provide  about  52  acres  for  revegetation.  A  system  of  ditches  and 
retention  ponds  will  be  used  to  control  pile  runoff  and  leachate  as  discussed 
later  under  3.9  WATER  CONTROL  and  as  shown  on  Figure  7-3-1. 


3.5  OVERBURDEN  SUB-ORE  TRANSPORT  AND  PLACEMENT 

The  overburden  sub-ore  production  rates  for  Phase  I  mining  are  shown  in  Table 
7-3-6.  Overburden  and  sub-ore  will  be  transported  from  the  open  pit  mine  to 
the  84  Mesa  disposal  area  by  85  ton,  rear-dump  trucks.  The  maximum  production 
rate  and  maximum  number  of  trucks  required  for  transporting  overburden  and  sub- 
ore  will  occur  in  1978.  During  extremely  dry  periods  of  the  year  it  may  be 
necessary  to  spray  each  loaded  truck  with  water  or  use  other  appropriate  means 
to  control  fugitive  dust  (Section  9,  Chapter  5). 

The  haul  route  between  the  open  pit  mine  and  the  off-tract  disposal  area  is 
shown  on  Figure  7-3-1.  This  haul  road  will  be  about  18,500  feet  long  and  de- 
signed with  8%  maximum  grades.  The  travel  surface  is  80  feet  wide  with  an 
additional  25  feet  allowed  for  shoulders  and  a  safety  berm.  The  overburden  and 
sub-ore  haul  road  merges  with  the  processed  shale  haul  road  near  the  eastern 
edge  of  Section  28.  The  single  haul  road,  servicing  both  disposal  operations, 
will  extend  to  the  84  Mesa  disposal  area,  and  will  minimize  the  amount  of  road 
construction  in  the  transport  corridor.  A  service  road  will  predate  the 
prestripping  operations.  Overburden  fill  will  be  utilized  to  bring  this  road 
to  final  grade  for  transport  of  waste  to  the  disposal  site. 
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Placement  of  overburden  and  sub-ore  on  the  disposal  pile  will  be  accomplished 
by  end-dumping  over  the  edge  of  the  pile.  Sub-ore  will  be  segregated  from 
overburden  by  the  shovels  and  loaded  into  trucks  which  will  be  directed  to  dump 
the  sub-ore  along  the  west  side  of  the  Phase  I  pile  to  facilitate  sub-ore 
reclaim  if  desired  in  later  years.  The  overburden  will  be  dumped  along  the  east 
side  of  the  pile  (Figure  7-3-1).  As  shown  on  Figure  7-3-3,  this  construction 
method  permits  single-lift  development  of  the  overburden  and  sub-ore  pile. 
Disposal  will  begin  in  portions  of  the  disposal  area  nearest  the  open  pit  mine: 
this  will  result  in  shorter  haul  distances  in  the  early  years  when  overburden 
production  is  highest,  thus  balancing  truck  requirements.  A  bulldozer  will  be 
used  at  the  working  face  of  the  disposal  pile  to  increase  the  safety  of  the 
truck-dumping  operation. 


3.6  MAJOR  EQUIPMENT  SELECTION 

Factors  considered  pertinent  to  the  selection  of  major  equipment  for  processed 
shale  and  overburden  disposal  include: 

t   Material  characteristics. 

•  Reliability  and  dependability. 

•  Economic  and  environmental  requirements. 

The  dual  conveyor  system  for  processed  shale  will  be  of  conventional  design 
with  semicircular  hoods  and  necessary  safety  devices.  The  processed  shale, 
truck  load-out  hopper  will  be  designed  with  three  compartments  and  automatic 
overflow  chutes  as  shown  on  Figure  7-3-2. 


3.7  MAJOR  STRUCTURES  AND  CIVIL  WORK 

Structures  associated  with  Phase  I  waste  disposal  are  the  processed  shale  belt 
conveyors  and  truck  load-out  hopper.  Civil  construction  will  be  required  for: 
the  processed  shale  haulage  road  from  the  truck  load-out  hopper  to  the  disposal 
site  and  the  overburden  haulage  road,  the  water-diversion  facilities  and  the 
disposal  site  preparation. 
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A.  Structures  -  The  processed  shale  belt  conveyors  will  be  conventionally 
designed  and  will  transport  retort  waste  product  from  the  processed  shale 
conditioners  to  the  truck  load-out  hopper.  The  belt  conveyors  will  be  supported 
by  standard  steel  truss  sections  and  will  be  equipped  with  side  walkways  and 
necessary  safety  devices.  The  conveyor  system  will  extend  about  600  feet  as 
shown  on  Figure  7-3-2. 

The  elevated  truck  load-out  facility  will  be  a  three-compartment  hopper  designed 
for  bottom-gate  loading  of  the  bottom-dump  haulage  trucks.  The  hopper  will  be 
constructed  of  structural  steel  and  steel  plate  and  will  contain  bin  level 
sensors  for  distribution  control.  An  overflow  chute,  to  a  surface  stockpile, 
will  be  included  to  assure  continuous  operation  of  the  conveyor  system.  The 
surface  storage  pile  will  be  contained  by  a  concrete  wall. 

B.  Civil  Work  -  Civil  work  associated  with  the  Phase  I  belt  conveyor  system 
and  truck  load-out  hopper  will  consist  of  foundation  excavations  and  site 
grading.  Additional  foundation  excavations  and  site  grading  will  be  required 
to  construct  the  connecting  conveyors  associated  with  the  second  TOSCO  II  re- 
tort. 

Haul  roads  will  be  designed  to  the  specifications  and  performance  criteria  of 
the  haulage  equipment  and  Bureau  of  Land  Management  (BLM)  requirements. 
Minimum  horizontal  curvature  of  250-feet  radius  and  maximum  vertical  gradient 
of  8%   are  included  in  the  design.  The  haulage  roads  will  be  80  feet  wide,  with 
an  additional  25  feet  for  shoulders  and  a  non-traversible  safety  berm  wherever 
access  roads  parallel  the  haulage  roads.  The  haulage  road  routing  is  shown  on 
Figure  7-3-1 . 

The  Phase  I  Civil  Work  for  84  Mesa  disposal  area  will  include  water  storage  and 
collection  systems  for  surface  runoff  and  contaminated  disposal  pile  runoff. 
Construction  of  these  facilities  will  precede  placement  of  waste  products  in 
the  disposal  area  and  will  be  expanded  as  the  disposal  piles  are  extended. 
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Site  preparation,  which  involves  topsoil  removal  and  storage,  will  precede 
placement  of  waste  products.  Additional  topsoil  removal  will  become  an  integral 
part  of  the  rehabilitation  and  revegetation  effort  as  the  disposal  pile  advances 


3.8  PHASE  I  REVEGETATION 

During  Phase  I,  revegetation  efforts  will  be  directed  towards  reclamation  of 
disturbed  areas  resulting  from  construction  of  roads,  pipelines,  transmission 
corridors,  and  ancillary  facilities.  Revegetation  of  the  disposal  pile  will  be 
aided  by  the  construction  of  an  artificial  soil  profile  about  5  feet  deep  (see 
Section  9,  Chapter  8,  Land  Rehabilitation).  Small  areas  of  the  overburden  and 
processed  shale  disposal  pile  will  be  available  for  reclamation  from  time  to 
time  during  Phase  I,  (see  Section  9,  Chapter  8,  Land  Rehabilitation).  The 
acreage  of  disturbance  for  each  area  and  the  proposed  schedule  of  revegetation 
of  that  acreage  is  presented  in  Section  9,  Chapter  8,  Land  Rehabilitation.  The 
largest  areas  of  disturbance  will  occur  along  haul  and  access  roads  which  will 
result  in  the  disturbance  of  a  number  of  vegetation  types.  The  revegetation 
technology  which  is  available  for  reclamation  in  these  areas  is  described  in 
detail  in  Section  9,  Chapter  8,  Land  Rehabilitation.  Abandonment  of  the  Phase 
I  disposal  pile  will  require  little  more  than  completion  of  the  rehabilitation- 
revegetation  activities  that  will  be  ongoing  throughout  Phase  I,  (Section  9, 
Chapter  13,  Abandonment). 


3.9  WATER  CONTROL 

The  control  of  water  in  and  around  the  84  Mesa  disposal  area  will  pertain  to 
the  following  categories:  surface  water  derived  from  land  adjacent  to  the 
disposal  area  and  contaminated  water  received  from  the  waste  disposal  area. 
Discussions  of  surface  water  runoff  (storm  drainage)  and  contaminated  water 
(disposal  pile  runoff  and  leachate)  can  be  found  in  Section  8,  Chapter  5,  Water 
Supply  and  Control  and  Section  9,  Chapter  6,  Water  Quality  Control.  Discussion 
of  erosion  control  of  the  disposal  piles  can  be  found  in  Section  9,  Chapter  8, 
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Land  Rehabilitation.  These  chapters  are  briefly  summarized  in  the  following 
paragraphs. 

Surface  water  runoff  from  two  north-easterly  flowing  drainages  on  the  western 
upslope  side  of  the  disposal  piles,  will  be  diverted.  A  system  of  interceptor 
ditches  will  act  as  a  bypass  and  will  prevent  drainage  waters  from  contacting 
the  disposal  area.  The  bypass  ditch  will  be  constructed  along  contour  northward 
and  will  discharge  the  water  into  a  tributary  of  Big  Duck  Creek.  At  the  point 
of  discharge,  slope  protection  against  erosion  will  be  provided. 

Contaminated  runoff  water,  if  any,  containing  leachate  salts  and  suspended 
fines  from  the  processed  shale  and  overburden  piles  will  be  intercepted  via  a 
system  of  lined  ditches.  Contaminated  water  will  be  delivered  to  a  collection 
pond  (Section  9,  Chapter  6,  Water  Quality  Control)  located  at  a  low  point  in 
the  drainage  system  below  the  disposal  piles  and  sized  to  store  as  a  minimum  6 
hours  of  a  100-year  frequency  flood.  This  will  be  a  closed  collection  system, 
and  excess  water  will  be  returned  to  the  disposal  pile  for  dust  control  and 
compaction. 

The  disposal  piles  will  be  constructed  to  conduct  non-evaporative  surface  water 
away  from  that  part  of  the  pile  which  has  not  yet  been  rehabilitated  (Section 
9,  Chapter  8,  Land  Rehabilitation)  to  help  prevent  saturation  of  the  pile. 
This  will  increase  pile  stability  and  reduce  leaching  of  salts  from  the  waste 
products.  A  system  of  ditches,  pipes,  energy  dissipators,  water  bars  and 
stilling  ponds  will  be  used,  as  necessary,  to  convey  water  from  the  top  and 
side  surfaces  of  that  part  of  the  disposal  pile,  which  has  not  yet  been  re- 
habilitated, to  the  contaminated  water  collection  system.  Figure  7-3-1  shows 
the  major  components  of  the  system.  This  will  minimize  erosion  of  the  piles. 
Rehabilitated  portions  of  the  pile  will  be  constructed  to  hold  water  and  allow 
for  infiltration  into  the  artifical  soil  profile  (Section  9,  Chapter  8,  Land 
Rehabilitation)  to  aid  in  plant  growth. 

The  contaminated  water  collection  system  will  be  constructed  to  intercept  only 
the  utilized  areas  and  will  be  expanded  as  the  disposal  piles  increase  in  size. 
The  expansion  of  the  collection  system  will  continue  from  Phase  I  through  Phase 
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II.  As  part  of  the  environmental  monitoring  program,  additional  water  quality 
monitoring  holes  will  be  installed  around  disposal  sites  and  collection  ponds 
and  regularly  tested  if  required  to  detect  any  effects  on  ground-water  quality. 
These  additional  monitoring  holes  would  supplement  those  holes  already  in  place 
that  are  providing  hydrologic  baseline  data  (Section  3,  Chapter  4,  HYDROLOGY). 


3.10  TRANSITION  TO  PHASE  II 

Transition  to  the  expanded  Phase  II  disposal  operations  will  be  accomplished 
without  significantly  altering  the  basic  disposal  pile  design.  Processed  shale 
will  continue  to  be  placed  in  compacted  24-inch  lifts,  and  overburden  will  be 
distributed  by  gravity  from  the  overburden  disposal  pile  crest.  Topsoil  strip- 
ping and  water  control  and  collection  activities  will  be  increased  in  scope  to 
compensate  for  the  Phase  II  production  rates. 

Major  transition  changes  are  as  follows: 

•  Overburden  and  sub-ore  will  undergo  primary  size  reduction  prior  to 
transport  from  the  mine  to  the  disposal  area. 

•  Overburden,  sub-ore  and  processed  shale  will  be  transported  to  the 
disposal  area  by  belt  conveyor  systems. 

•  Overburden  disposal  will  be  converted  from  truck  haulage  to  a  shift- 
able  conveyor/stacker. 

•  Sub-ore  will  initially  require  a  conveyor  load-out  facility  and  truck 
haulage  to  construct  a  pile  surface  capable  of  supporting  a  shiftable 
conveyor/stacker. 

§  Processed  shale  will  be  conveyed  to  load-out  holding  bins  similar  to 
those  utilized  in  Phase  I,  but  located  north  of  the  Phase  I  disposal 
s  i  te . 

•  Processed  shale  will  be  made  up  of  a  combination  of  TOSCO  II  processed 
shale  and  Gas  Combustion  processed  shale. 
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Construction  of  the  Phase  II  disposal  system  will  occur  during  the  three-year 
construction  period  from  August  1982  to  August  1985.  The  Phase  I  haulage  roads 
will  be  retained  as  back-up  transportation  systems  and  access  from  the  disposal 
area  to  the  mine  and  the  plant. 

Investigation  of  processed  shale  placement  methods  will  be  conducted  during 
Phase  I.  Optimum  disposal  and  compaction  techniques  for  efficient  construction 
of  stable  piles  will  be  emphasized.  Final  Phase  II  disposal  methods  will 
depend  upon  the  results  of  these  investigations. 
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CHAPTER  4 
PHASE  II  DISPOSAL  OPERATIONS 


Phase  II  processed  shale  (a  mixture  of  TOSCO  II  and  Gas  Combustion  processed 
shale),  overburden  and  sub-ore  disposal  operations  will  constitute  expansion 
of  the  disposal  pile  construction  concepts  set  forth  in  Chapter  3,  Phase  I 
Disposal  Operations,  and  is  scheduled  for  start-up  in  August  1985.  The  disposal 
system  will  utilize  a  conveyor-truck  operation  to  construct  overburden,  sub- 
ore  and  processed  shale  piles  off-tract  on  84  Mesa.  Phase  II  development  will 
be  an  orderly  expansion  from  the  existing  Phase  I  disposal  system.  RBOSP  will 
apply  the  technology  developed  during  Phase  I  operations  to  ensure  that  Phase 
II  disposal  practices  will  conform  to  the  technical,  environmental  and  re- 
gulatory requirements  for  safe,  orderly  and  efficient  development  of  the  Tract 
C-a  oil  shale  resource. 


4.1  CHARACTERISTICS  OF  TOSCO  I  I/GAS  COMBUSTION  PROCESSED  SHALE 

A.  TOSCO  I  I/Gas  Combustion  Processed  Shale  -  Phase  II  retorting  is  accomp- 
lished by  seven  TOSCO  II  retorts  and  seven  Gas  Combustion  retorts  and  there- 
fore, studies  have  been  made  on  a  mixture  of  TOSCO  II  and  Gas  Combustion 
processed  shale  to  determine  physical  properties.  The  minus  1-inch  material 
mixture  used  in  studies  consisted  of  65%  TOSCO  II  and  35%  Gas  Combustion 
processed  shale  products  which  approximates  the  percentage  processed  shale 
from  the  two  types  of  retorts.  The  gradation  shows  about  21%  fine  gravel 
sizes,  54%  sand  sizes  and  25%  passing  200  mesh.  A  typical  particle  size 
distribution  is  shown  in  Table  7-4-1. 

This  mixture  of  TOSCO  II/Gas  Combustion  materials  is  non-plastic,  and  the 
maximum  density  from  the  standard  Proctor  determination  is  96.5  pcf  with  an 
optimum  moisture  content  of  19%. 
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Table  7-4-1 

TOSCO  I  I/GAS  COMBUSTION  PROCESSED  SHALE 
SIEVE  ANALYSIS 

%   Passing 
Mesh  Size  Dry  Weight 

4  78.20 

20  60.00 

40  48.90 

60  38.20 

80  32.40 

100  31.20 

200  27.50 


Compaction  tests  using  the  TOSCO  I  I/Gas  Combustion  mixture  provided  densities 
slightly  lower  at  the  same  moisture  content  than  the  densities  of  the  TOSCO  II 
material.  A  poorer  grain  size  distribution,  including  fewer  fines  and  more 
angular  pieces  of  material,  apparently  results  in  more  internal  voids  which 
would  account  for  the  lower  compaction  density. 

The  permeability  for  the  TOSCO  II/Gas  Combustion  mixture  as  compared  to  that 
of  the  TOSCO  II  material  should  increase  as  a  result  of  the  decreased  amount 
of  fines.  Under  compacted  conditions  (90  pcf),  permeabilities  obtained  from 
the  mixture  of  TOSCO  II  and  Gas  Combustion  processed  shale  are  classified  as 
impervious  and  semipervious.  Studies  indicate  the  permeabilities  (under  8,000 
psf  surcharge  simulating  burial  at  about  90  feet)  vary  from  0.6  feet  per  year 
to  5.1  feet  per  year.  The  permeabilities  generally  increase  with  a  reduction 
in  the  amount  of  fines  and  decrease  with  increased  surcharge. 

Disposal  piles  constructed  from  TOSCO  II/Gas  Combustion  processed  shale  mixture 
could  stand  at  a  steeper  slope  angle  than  100%  TOSCO  II  material.  However, 
the  disposal  pile  stability  design  has  not  been  changed  for  Phase  II.  More 
pile  design  analyses  will  be  performed  before  Phase  II  production  begins. 
From  these  analyses  the  final  design  slopes  may  be  determined.  A  final  slope 
of  approximately  4:1  on  the  overburden  and  sub-ore  piles  is  sufficient  for 
machinery  used  in  seeding  and  erosion  control.  Details  on  disposal  pile 
rehabilitation  are  contained  in  Section  9,  Chapter  8,  Land  Rehabilitation. 
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B.  Overburden  and  Sub-Ore  -  Phase  II  overburden  and  sub-ore  will  undergo 
primary  size  reduction  in  gyratory  crushers  prior  to  conveyor  transport  to  the 
84  Mesa  disposal  area.  The  size  consist  will  be  similar  to  the  Phase  II 
primary  crushed  oil  shale  as  shown  in  Table  7-4-2. 

Table  7-4-2 

PRIMARY  CRUSHED  PRODUCT  PARTICLE  SIZE  ANALYSIS 

%  Passing 
Dry  Weight 

99.99 
42.77 
11.46 
4.13 
1.29 
.05 
-1x0 

The  chemical  characteristics  will  be  the  same  as  in  Phase  I  (see  Chapter  3  of 
this  section). 


4.2  DESIGN  CRITERIA 

The  Phase  II  disposal  operations  will  be  based  on  a  long-term,  steady  state 
processing  production  rate  of  55,800  BPSD  of  upgraded  shale  oil.  The  scheduled 
disposal  operations  will  conform  to  the  Phase  II  mine  production  scheduling 
for  processed  shale  disposal.  Equipment  will  be  sized  to  handle  an  expected 
schedulable  average  production  plus  some  contingency  for  over-run.  The  Phase  II 
disposal  pile  development  and  construction  sequences  will  be  an  expansion  from 
the  existing  Phase  I  disposal  piles. 

Disposal  requirements  will  be  based  on  continuous  operations  of  seven  (7) 
TOSCO  II  retorts  and  seven  (7)  Gas  Combustion  retorts.  Processed  shale, 
overburden  and  sub-ore  production  rates  were  estimated  from  mining  and  pro- 
cessing production  forecasts. 
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Retorting  facilities  operate  330  stream  days  per  year. 
Mining  facilities  operate  350  mine  days  per  year. 
Processed  shale  hourly  production  rate  =  6658  TPH. 
Overburden  hourly  production  rate  =  5998  TPH. 
Sub-ore  hourly  production  rate  =  1272  TPH. 


4.3  SITE  LOCATION  AND  AREAL  REQUIREMENTS 

Phase  II  disposal  operations  will  expand  Phase  I  operations  with  system  modi- 
fications to  compensate  for  additional  quantities  of  processed  shale,  overburden 
and  sub-ore.  Disposal  pile  construction  sequences  will  be  similar  to  those  of 
Phase  I.  Major  modifications  will  be  the  construction  and  utilization  of 
overland  conveyor  systems  for  transport  of  processed  shale,  overburden  and  sub- 
ore  to  the  84  Mesa  disposal  area.  As  development  continues,  mechanical  stackers 
will  be  used  to  place  overburden  and  sub-ore.  A  truck-haulage  system  will  be 
used  to  transport  processed  shale  from  a  conveyor  load-out  hopper  to  the 
disposal  pile  construction  surface. 

A.  Disposal  Pile  Location  -  Disposal  operations  will  extend,  to  the  north  and 
east  on  BLM  land,  from  the  Phase  I  disposal  piles  located  in  the  southwest 
corner  of  the  proposed  84  Mesa  disposal  area.  Figure  7-4-1  presents  a  disposal 
pile  commensurate  with  surrounding  topography  in  line  with  RBOSP  thinking, 
which  is  capable  of  holding  the  disposal  volume  presently  thought  necessary 
prior  to  backfilling  of  the  open  pit.  Figure  7-4-2  is  a  plan  of  what  a  maximum 
disposal  pile  on  84  Mesa  might  look  like  at  4:1  slopes  if  it  were  not  to  be 
contoured  commensurate  with  surrounding  topography  and  is  only  an  example  of 
maximum  disposal  capacity  on  84  Mesa.  General  orientation  of  the  disposal  pile 
(Figure  7-4-1  contoured  commensurate  with  surrounding  topography)  will  be  as 
follows: 

t    Sub-ore  will  be  placed  in  an  east-west  trending  embankment  along  the 
south  boundary  of  the  disposal  area  (Figure  7-4-1). 

t  Overburden  will  be  placed  in  a  fan-shaped  pile  trending  northeast- 
southwest  between  the  sub-ore  and  processed  shale  piles  (Figure  7- 
4-1). 
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•  Processed  shale  will  be  placed  in  a  fan-shaped  pile  oriented  northeast- 
southwest  and  located  near  the  west  boundary  of  the  disposal  area 
(Figure  7-4-1 ) . 

•  Overburden  will  be  placed  along  the  final  west,  north,  and  east 
slopes  of  the  processed  shale  pile  in  order  to  completely  enclose  the 
processed  shale  in  overburden. 

Initial  Phase  II  clearing  of  topsoil  and  sub-soil  will  require  about  760  acres 
with  a  resulting  soil  storage  pile  of  about  25  acres.  As  development  continues, 
soil  from  additional  clearing  operations  will  be  recycled  to  finished  areas  of 
the  disposal  piles  for  reclamation  and  revegetation  purposes.  This  procedure 
will  maintain  the  greatest  quantity  of  topsoil  in  a  biologically  active  state. 
About  3,650  acres  will  be  required  for  Phase  II  disposal  pile  construction. 
The  initial  soil  storage  pile  will  be  revegetated  as  soon  as  completed,  as  this 
soil  will  not  be  needed  for  many  years. 

B.  Disposal  Pile  Construction  -  Three  separate,  but  connected,  disposal  piles 
will  be  developed  for  processed  shale,  overburden  and  sub-ore  and  will  be  based 
on  the  following  criteria: 

•  Sub-ore  and  overburden  piles  constructed  in  one  lift  with  between  a 
3:1  or  4:1  final  slope  on  exterior  surfaces. 

•  Processed  shale  pile  constructed  in  24-inch  lifts  to  final  height 
with  4:1  final  slopes  on  exterior  surface  and  completely  enclosed  by 
overburden. 

§    Five  feet  of  coarse  rock  and  about  one  to  two  feet  of  topsoil  and 

subsoil  placed  on  final  surfaces  for  reclamation  (Section  9,  Chapter 
8). 

The  total  quantities  of  waste  material  for  Phase  I  and  Phase  II  disposal  are 
shown  in  Table  7-4-3.  Final  disposal  pile  configurations  will  be  developed  in 
final  Phase  II  designs  based  on  knowledge  gained  from  Phase  I  operations.  As 
development  of  the  disposal  piles  progresses,  RBOSP  will  maintain  an  on-going 
program  to  ensure  the  overall  stability  of  the  disposal  pile  final  slopes  and 
working  surfaces. 


7-4-7 


Table  7-4-3 

DISPOSAL  MATERIAL  QUANTITIES 
FOR  PHASE  I  AND  PHASE  II 


Million 


1072.2 

893.2 

732.3 

472.5 

138.6 

89.4 

Sequence Tons      Cy* 

Phase  I 

Processed  shale  (Dry  Basis)  24.8     21.6 

Overburden  and  Sub-ore  47.9     30.7 

Total  72.7     52.3 

Phase  II 

Processed  shale  (Dry  Basis) 

Overburden 

Sub-ore 

Total  1898.1    1455.1 

Phases  I  &  II 

Processed  shale  (Dry  Basis)  1052.0    914.8 

Sub-Ore  and  Overburden  918.8    592.6 

Total  1970.8    1507.4 

*  Processed  shale  compacted  density  =1.15  tons 

cy 
Overburden  and  Sub-ore  compacted  density  =1.55  tons 

cy 
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4.4  PROCESSED  SHALE  CONDITIONING,  TRANSPORT  AND  PLACEMENT 

Phase  II  processed  shale  will  consist  of  TOSCO  II  and  Gas  Combustion  products. 

TOSCO  II  processed  shale  will  be  cooled  to  about  200°F  in  a  rotary  tube  cooler 
by  the  addition  of  water  as  described  in  Chapter  3  and  in  Section  6,  Processing, 
pg.  6-3-3.  The  cooled  processed  shale  from  each  TOSCO  II  retort,  containing 
about  14%  water,  will  be  delivered  from  the  moisturizer  to  a  conveyor  belt. 

Gas  Combustion  processed  shale  will  be  cooled  in  two  heavy-duty  mechanical 
vibrating  conveyors  which  discharge  onto  a  dual  conveyor  belt  system.  Gas 
Combustion  processed  shale  will  be  discharged  at  about  200°F  and  will  contain 
about  14%  water.  The  conveyor  belts  from  each  Gas  Combustion  retort  transfer 
the  processed  shale  to  a  main  conveyor  belt. 

The  dual  conveyor  systems  carrying  TOSCO  II  processed  shale  and  Gas  Combustion 
processed  shale  will  merge  at  a  central  transfer  facility.  At  this  transfer 
point,  the  two  products  will  be  delivered  to  an  overland  belt  conveyor  extending 
to  the  84  Mesa  disposal  area.  The  processed  shale  belt  conveyor  system  will 
be  about  15,000  feet  long.  The  products  will  be  combined  during  the  transfer 
to  the  overland  belt  conveyor  system.  The  processed  shale  will  undergo  further 
mixing  at  the  truck  load-out  hopper  and  during  placement  on  the  disposal  pile. 

The  conveyors  are  of  conventional  design  with  semicircular  hoods  and  necessary 
safety  devices.  Dust-collection  devices  will  be  provided  at  transfer  points 
to  control  dust. 

At  the  end  of  the  overland  conveyor,  the  material  will  be  discharged  into  a 
truck  load-out  hopper.  Overflow  capability  will  be  incorporated.  Capacity  of 
the  hopper  can  be  increased  by  adding  truck  load-out  modules.   In  the  early 
years  of  Phase  II  operation,  the  hopper  will  be  placed  on  natural  ground  at 
the  northwest  corner  of  the  Phase  I  processed  shale  pile.  Later  in  the  project 
development,  it  will  be  relocated  to  the  top  of  the  processed  shale  pile. 
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Processed  shale  will  be  placed  in  the  disposal  pile  by  bottom-dump  trucks  or 
scrapers.  The  trucks  will  disperse  processed  shale  in  windrows  for  spreading 
and  compaction.  The  interior  80%  of  the  pile  can  be  compacted  to  85  pcf  by 
the  haulage  trucks;  however,  the  exterior  20%  must  be  compacted  to  90  pcf  with 
a  mechanical  compactor.  Trucks  can  be  used  to  construct  the  side  slopes  of 
4:1,  and  final  slope  dressing  will  be  accomplished  by  dozing  and  grading  on 
contour  as  required. 

The  Phase  II  processed  shale  pile  will  be  developed  from  Phase  I  pile  toward 
the  northeast  in  a  fan-shaped  pattern.  As  the  depth  of  the  pile  increases, 
truck  ramps  will  be  constructed  in  the  Phase  I  pile  until  the  hopper  is  re- 
located to  the  top  of  the  pile. 


4.5  OVERBURDEN  AND  SUB-ORE  TRANSPORT  AND  PLACEMENT 

Overburden  and  sub-ore  from  the  open  pit  operation  will  be  crushed  at  the  mine 
to  a  nominal  8  inches  and  will  be  transported  to  the  84  Mesa  disposal  site  by 
a  dual  overland  belt  conveyor  system.  During  normal  operation,  these  two 
conveyors  will  be  used  to  transport  overburden  and  sub-ore  separately.  In  the 
event  of  failure  of  either  belt,  the  crushing  facilities  and  conveyor  system 
can  be  scheduled  to  transport  the  disposal  product  having  the  higher  mining 
priority. 

Overburden  will  be  conveyed  to  the  disposal  area,  transferred  to  a  shif table 
belt  conveyor  and  then  to  a  movable  stacker.  The  stacker  will  move  along  the 
pile  crest  discharging  overburden  over  the  advancing  edge  of  the  pile.  The 
pile  will  be  developed  at  the  angle  of  repose  for  the  unconsolidated  material. 
As  the  face  of  the  pile  advances,  the  shiftable  conveyor  is  moved  radially  so 
that  a  new  face  can  be  constructed.  When  the  shiftable  conveyor  completes  a 
180°  sweep,  the  overland  conveyor  will  be  extended  and  the  process  repeated. 

Sub-ore  will  be  transferred  to  a  belt  conveyor  for  placement  in  the  south  edge 
of  the  84  Mesa  disposal  area  adjacent  to  the  Phase  II  overburden  pile.  The 
sub-ore  disposal  system  will  be  similar  to  the  overburden  disposal  system, 
except  that  equipment  sizes  will  be  smaller. 
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4.6  MAJOR  EQUIPMENT  SELECTION 

Factors  considered  pertinent  to  the  selection  of  major  equipment  for  Phase  II 
processed  shale,  overburden  and  sub-ore  disposal  include: 

•  Material  characteristics. 

•  Reliability  and  dependability. 

•  Economic  and  environmental  requirements. 

Further  design  will  be  required  on  Phase  II  disposal  development  sequences 
before  specific  equipment  requirements  can  be  stated.  Major  equipment  require- 
ments, by  type,  have  been  defined  by  operational  function. 

The  following  list  generally  summarizes  equipment  requirements  for  Phase  II  by 
functional  areas: 

A.  Processed  Shale  Disposal 

Processed  shale  conveyors. 

Dust  collection  devices. 

Processed  shale  hopper. 

Bottom-dump  trucks  or  scrapers. 

Graders. 

Compactors. 

Dozers. 

Water  trucks. 

Front-end  loaders. 

B.  Overburden  &  Sub-Ore  Disposal 

Overburden  conveyor. 
Sub-ore  conveyor. 
Overburden  stacker. 
Sub-ore  stacker. 
Dozers. 
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C.  Topsoil  Stripping  &  Processed  Shale  Sub-Base 

•  Scrapers. 

•  Dozers. 

•  Graders. 

t    Compactors. 

D.  Water  Diversion 


•  Piping. 

•  Pumps  and  gates, 


Reclamation 

t  Tractors  and  implements  (grassland  drills,  discs,  harrows,  etc.) 

•  Hydroseeders. 

•  Sprinkling  systems, 
t  Pumps. 


4.7  PHASE  II  REVEGETATION 

During  Phase  II,  no  new  roads,  corridors  or  structures  which  would  require 
revegetation  are  planned  for  construction.  Any  additional  disturbance  will 
result  from  expansion  of  the  open  pit  and  disposal  of  processed  shale  over- 
burden. The  acreages  available  for  revegetation  will  increase  to  approximately 
50  -  100  acres  per  year  during  Phase  II  (See  Section  9,  Chapter  8,  Land  Rehabili- 
tation) . 

Rio  Blanco  estimates  that  approximately  30  years  of  mining  and  off-tract  dis- 
posal at  the  Phase  II  rate  will  be  necessary  before  backfilling  can  begin.  As 
final  slopes  are  established  on  the  84  Mesa  disposal  pile  it  will  have  been 
progressively  rehabilitated  and  revegetated  so  that  at  about  the  time  that  back- 
filling of  100%  of  waste  material  into  the  open  pit  is  begun,  the  84  Mesa 
disposal  pile  will  have  been  contoured  commensurate  with  surrounding  topography 
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and  completely  revegetated.  Reclamation  of  the  backfilled  portion  of  the  open 
pit  will  progress  so  that  at  the  conclusion  of  open  pit  mining  on  Tract  C-a 
the  backfilled  area  will  have  also  been  completely  rehabilitated. 

A  revegetation  experimental  program  is  currently  in  progress  to  investigate  and 
develop  the  best  technology  to  reclaim  the  processed  shale  disposal  pile.  The 
processed  shale  will  be  covered  by  an  artificial  soil  profile  to  eliminate  the 
adverse  effects  of  the  processed  shale.  Details  concerning  the  artificial 
soil  profile  and  the  technology  available  for  revegetation  of  the  disposal 
piles  is  presented  in  Section  9,  Chapter  8,  Land  Rehabilitation. 


4.8  WATER  CONTROL 

The  control  of  water  in  and  around  the  84  Mesa  disposal  area  will  pertain  to 
the  following  categories: 

•  Surface  water  runoff  from  land  associated  with  the  disposal  area. 

•  Runoff  water  from  the  waste  disposal  area. 

Discussions  of  surface  water  runoff  (storm  drainage)  and  disposal  pile  runoff 
and  leachate  can  be  found  in  Section  8,  Chapter  5,  Water  Supply  and  Control, 
and  Section  9,  Chapter  6,  Water  Quality  Control.  Discussion  of  erosion  control 
of  the  disposal  piles  can  be  found  in  Section  9,  Chapter  8,  Land  Rehabilitation. 
These  chapters  are  briefly  summarized  under  Water  Control  (Phase  I)  in  Chapter  3. 

Phase  I  experience  will  help  plan  the  details  for  the  Phase  II  water  control. 
Any  unforseen  problems  that  develop  during  Phase  I  can  be  corrected  before 
disposal  at  the  higher  Phase  II  rate  begins. 


7-4-13 


StCTIOIl  8 

SUPPORT  FACILITIES 
I 


CHAPTER  1 
INTRODUCTION 


Support  facilities  for  development  of  Tract  C-a  will  include  roads,  a  power 
transmission  line,  a  water  supply  and  distribution  system,  a  product  pipeline, 
a  communications  system,  fuel  storage,  and  several  buildings.  Each  major 
project  activity  (mining,  processing,  disposal)  has  its  own  internal  support 
systems  peculiar  to  that  particular  activity;  these  systems  are  discussed,  if 
appropriate,  in  the  respective  section  describing  that  activity,  and  will  not 
be  repeated  here. 

The  locations  of  most  project  support  facilities  are,  of  course,  dictated  by 
the  locations  of  the  major  project  features:  the  mine,  the  processing  facility, 
and  the  overburden  and  processed  shale  disposal  area.  Areal  relationships 
among  these  facilities  are  shown  in  Figures  8-1-1  and  8-1-2  which  also  depict 
routes  of  the  product  pipeline,  power  transmission  line  and  the  Ryan  Gulch  and 
Rangely  access  roads. 

Most  of  the  truck  traffic  carrying  equipment,  materials  and  supplies  to  Tract 
C-a  will  travel  from  Rifle  via  State  Highway  13,  the  Piceance  Creek  road  and 
the  Ryan  Gulch  road.  Smaller  amounts  of  truck  traffic  will  probably  reach  the 
tract  via  the  Rangely  access  road  from  the  west  and  via  Meeker,  State  Highway 
64,  the  Piceance  Creek  road,  and  the  Ryan  Gulch  road  from  the  north. 

Rifle  is  situated  on  the  mainline  of  the  D&RGW  railroad  and  goods  shipped  by 
rail  will  most  likely  be  shipped  to  that  area,  then  loaded  on  trucks  for  final 
movement  to  Tract  C-a. 

Most  people  employed  by  the  Rio  Blanco  Oil  Shale  Project  will  probably  live  in 
Rangely  but  some  will  no  doubt  choose  to  live  in  Meeker  or  Rifle.  The  Rangely 
access  road  will  drastically  reduce  the  driving  distance  between  Rangely  and 
the  tract,  but  the  commuting  distance  for  employees  living  in  Meeker  and  Rifle 
will  remain  the  same  as  it  is  today.  Roads  are  discussed  in  more  detail  in 
Chapter  2. 
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Initial  power  demand  by  RBOSP  will  be  about  0.4  MW  during  early  construction 
activities,  then  increase  to  about  3  MW  during  the  second  year  of  construction, 
18  MW  during  Phase  I  -  Stage  1  operations,  29  MW  during  Phase  I  -  Stage  2  and 
227  MW  during  Phase  II.  The  primary  power  source  is  Moon  Lake  Electric  Associa- 
tion's existing  138-KV  line  along  the  White  River  about  20  miles  north  of  Tract 
C-a.  A  230-KV  transmission  line  will  be  built  from  there  to  the  tract  and 
will,  for  the  most  part,  occupy  the  same  corridor  as  the  Rangely  access  road 
and  the  product  pipeline. 

The  230-KV  line  will  be  operated  at  138-KV  during  construction  and  Phase  I 
operations,  then  stepped  up  to  230-KV  during  Phase  II  operations.  Several 
alternatives  are  being  considered  for  supplementing  Moon  Lake's  138-KV  line  to 
provide  230-KV  service  during  Phase  II  at  the  White  River  tap  point.  Power 
supply  and  distribution  are  described  in  Chapter  3. 

RBOSP  water  demand  is  estimated  at  about  1,400  AFY  during  Phase  I  -  Stage  1, 
2,400  AFY  during  Phase  I  -  Stage  2,  and  10,000  AFY  during  Phase  II.  Water  for 
Phases  I  and  II  will  be  obtained  from  groundwater  sources  on  the  tract.  Normal 
mine  dewatering  operations  should  provide  most  of  the  required  amount,  but  some 
supplementary  wells  may  be  necessary.  Expansion  beyond  the  Phase  II  production 
level  of  55,800  BPSD  will  probably  require  more  water  than  underground  sources 
can  supply.  Hence,  an  active  program  of  securing  surface  water  rights  is  also 
being  conducted.  Yellow  Creek  reservoir  would  be  the  principal  feature  of  a 
surface  water  system,  if  needed.  The  dam  for  this  reservoir  would  be  located 
on  Yellow  Creek  about  four  miles  south  of  its  confluence  with  the  White  River 
and  about  14  miles  northeast  of  Tract  C-a.  Water  would  be  diverted  from  the 
White  River  and  either  pumped  directly  to  Tract  C-a  or  stored  in  Yellow  Creek 
reservoir  and  then  pumped  to  Tract  C-a.  Water  supply  and  distribution  are 
described  in  Chapter  6. 

By-product  ammonia,  coke  and  sulfur  will  be  shipped  from  the  Rio  Blanco  complex  by 
truck,  but  the  primary  product  (pipelinable  shale  oil  in  Phase  I  and  upgraded 
shale  oil  in  Phase  II)  will  be  transported  by  pipeline  to  Amoco's  pipeline 
facilities  near  Rangely.  From  there  it  will  be  transported  through  Amoco's 
existing  10-inch  pipeline  to  other  connecting  carriers  for  ultimate  delivery  to 
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refineries  in  the  West  or  Midwest.  The  only  possible  exception  to  this  plan  is 
during  Phase  I  when  the  shale  oil  product  may  be  trucked  to  a  nearby  Colorado 
refinery.  The  product  pipeline  is  described  in  Chapter  4. 

Telephone  service  will  be  provided  by  Mountain  Bell  Telephone  Company  by  ex- 
tending existing  lines  from  Rangely.  The  line  will  consist  of  a  buried  cable 
that  will  be  installed  adjacent  to  the  Rangely  access  road.  Communications  are 
further  described  in  Chapter  5. 

A  single  transportation  and  utility  corridor  stretching  from  the  junction  of 
Ryan  Gulch  and  Piceance  Creek  on  the  east  to  the  Rangely  area  northwest  of  the 
tract  will  serve  the  needs  of  RBOSP  in  Phase  I  and  Phase  II.  Expansion  beyond 
the  Phase  II  production  level  of  55,800  BPSD  may  require  additional  power 
transmission  lines,  water  pipelines,  and  product  pipelines,  but  current  informa- 
tion does  not  permit  specific  estimates  of  those  needs. 

The  eastern  end  of  the  Ryan  Gulch-Rangely  corridor  contains  the  access  road. 
From  Piceance  Creek,  the  corridor  follows  existing  County  Road  24  to  the  historic 
Ryan  Gulch  School  where  it  turns  northwest  across  the  Yellow  Creek-Piceance 
Creek  divide.  It  then  crosses  Stake  Springs  Draw  just  south  of  its  confluence 
with  Corral  Gulch,  before  turning  west  just  west  of  where  the  84  Ranch  once 
stood.  The  corridor  crosses  Corral  Gulch  less  than  a  mile  east  of  Tract  C-a, 
then  continues  west  along  the  northern  edge  of  Tract  C-a  to  the  processing 
facility. 

From  the  processing  facility  to  the  Rangely  area,  the  corridor  contains  the 
access  road,  telephone  cable,  product  pipeline  and  the  power  transmission  line. 
The  corridor  leaves  the  processing  facility  and  continues  west  for  nearly  two 
miles  on  Dead  Horse  Ridge  before  curving  to  the  northwest,  then  successively 
crosses  Big  and  Little  Duck  creeks  and  several  smaller  drainages  in  between. 
It  then  crosses  Calamity  Ridge  about  one-half  mile  beyond  Little  Duck  Creek  and 
drops  down  into  the  East  Fork  of  Spring  Creek.  It  follows  Spring  Creek  for 
about  seven  miles,  where  the  road,  telephone  cable  and  product  pipeline  turn 
west  for  some  three  miles  before  entering  Gil  lam  Draw.  The  power  line  continues 
down  Spring  Creek  for  about  three  miles  before  turning  north  and  following 
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Calamity  Ridge  to  Moon  Lake's  existing  line  about  one  mile  south  of  the  White 
River  and  eight  miles  northeast  of  Rangely. 

The  road  and  telephone  cable  continue  along  Gillam  Draw  to  State  Highway  64  three 
miles  east  of  Rangely.  The  product  pipeline  leaves  Gillam  Draw  about  a  mile 
south  of  State  Highway  64  and  continues  westerly  south  of  Rangely  to  Amoco' s 
pipeline  facilities  west  of  Rangely. 

The  Bureau  of  Land  Management  must  approve  the  exact  route  of  the  access  road, 
power  transmission  line,  telephone  cable  and  product  pipeline,  so  the  final 
alignment  of  these  facilities  may  differ  from  that  described  above  and  shown  on 
Figure  8-1-1 . 
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CHAPTER  2 
TRANSPORTATION 


2.1  ORIGIN  AND  DESTINATION  OF  GOODS  AND  PEOPLE 

The  bulky  machinery  and  equipment  to  be  used  or  installed  during  construction, 
plus  materials  and  supplies  necessary  for  construction  and  operation,  will 
originate  outside  the  northwest  Colorado  area.  Whatever  their  origin,  heavy 
and/or  bulky  items  will  probably  be  shipped  by  rail.  There  is  currently  no 
rail  service  into  the  interior  of  the  Piceance  Creek  basin  and  none  is  planned 
by  RBOSP.  The  nearest  rail  heads,  both  Denver  and  Rio  Grande  Western  Railroad 
(D&RGW),  are  a  spur  line  at  Craig  and  the  mainline  at  Rifle.  A  new  rail  section 
from  Craig  south  to  Axial  is  now  being  designed  and,  if  built,  would  extend 
the  rail  about  23  miles  closer  to  Tract  C-a.  Even  so,  it  is  not  economically 
feasible  to  extend  rail  service  to  the  tract  from  either  Rifle  or  Axial. 

Because  highway  distance  from  Rifle  to  Tract  C-a  is  nearly  30  miles  shorter 
than  from  Axial  to  the  tract  and  because  Rifle  is  on  the  mainline  rather  than 
a  spur,  the  logical  choice  as  a  destination  for  goods  shipped  by  rail  to  Tract 
C-a  is  the  Rifle  area.  A  new  railroad  siding  will  be  built  somewhere  in  the 
vicinity  of  Rifle  to  handle  the  rail  traffic  serving  Tract  C-a.  RBOSP  is 
currently  in  the  process  of  selecting  an  exact  location  for  the  siding.  Goods 
will  be  loaded  on  trucks  at  the  siding,  then  transported  to  the  tract. 

Goods  shipped  by  rail  from  the  west  or  southwest  will  most  likely  pass  through 
the  Salt  Lake  City  area,  then  south  and  east  through  Price,  Green  River,  Grand 
Junction  and  finally  to  Rifle.  From  the  south  and  east,  goods  can  travel  by 
rail  through  either  Pueblo  or  Denver,  then  to  Glenwood  Springs  and  Rifle. 

Goods  shipped  entirely  by  truck  can  reach  the  corridor  serving  Tract  C-a  by 
a  number  of  different  routes  as  shown  in  Figure  8-2-1.  Trucks  originating  in 
Salt  Lake  City  or  points  west  will  likely  reach  the  tract  via  Vernal  and 
Rangely  rather  than  swinging  south  through  Grand  Junction  and  Rifle.  Trucks 
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from  Denver  and  other  points  east  or  south,  which  will  likely  constitute  most 
of  the  truck  traffic  serving  Tract  C-a,  will  pass  through  Rifle  on  their  way 
to  the  tract.  Thus  Rifle  will  likely  be  a  focal  point  for  truck,  as  well  as 
rail  transportation,  both  during  construction  and  operation. 

Most  of  the  Tract  C-a  construction  and  operating  personnel  are  expected  to 
reside  in  Rangely.  The  Rangely  access  road  will  reduce  the  current  highway 
distance  from  Rangely  to  Tract  C-a  by  more  than  40  miles  and  thus  substan- 
tially reduce  commuting  time.  For  those  choosing  to  live  in  Meeker  or  Rifle, 
the  commuting  distance  will  not  change  from  what  it  is  now. 


2.2  ROADS  AND  HIGHWAYS  SERVING  TRACT  C-a 

The  principal  highway  route  serving  Tract  C-a  will  extend  from  Rifle  on  the 
southeast  to  Rangely  on  the  northwest.  The  route  follows  SH  13  from  Rifle  to 
Rio  Blanco  then  turns  northwest  on  the  Piceance  Creek  road  to  Ryan  Gulch.  It 
follows  the  Ryan  Gulch  road  west  to  the  historic  Ryan  Gulch  School  then  turns 
northwest  over  the  Yellow  Creek-Piceance  Creek  divide  and  on  west  to  the 
processing  facility  at  Tract  C-a  where  it  connects  with  the  planned  Rangely 
access  road.  It  follows  the  Rangely  access  road  to  State  Highway  64,  then 
west  to  Rangely.  The  condition  of  and  necessary  improvements  to  roads  along 
this  route  are  described  in  the  following  paragraphs.  Other  roads  and  highways 
in  the  area  will  carry  yery   little  traffic  directly  associated  with  the  Rio 
Blanco  Oil  Shale  Project. 

A.  State  Highway  13  -  Existing  Colorado  State  Highway  13  in  Rifle  is  not 
adequate  to  handle  the  anticipated  heavy  truck  traffic  associated  with  energy 
development  in  the  Piceance  Creek  basin  and  other  areas  north  and  west  of 
Rifle.  Several  alternatives  are  being  considered  by  the  Colorado  Department 
of  Highways  and  the  City  of  Rifle  for  routing  heavy  truck  traffic  either 
through  or  around  Rifle.  State  Highway  13  between  Rifle  and  Rio  Blanco  will 
carry  the  bulk  of  the  heavy  truck  traffic  serving  Tract  C-a.  The  geometric 
design  of  this  section  of  highway  is  adequate,  but  the  roadway  is  in  poor 
structural  condition  in  many  places.  Six  concrete  box  culverts  and  a  bridge 
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on  this  section  of  highway  are  all  structurally  adequate  to  carry  the  antici- 
pated loads,  but  the  bridge  Cover  Piceance  Creek  just  south  of  Rio  Blanco)  may 
be  too  narrow  to  accommodate  the  few  oversized  loads  expected  to  be  shipped  to 
the  tract.  A  temporary  crossing  of  Piceance  Creek  may  have  to  be  provided  for 
the  occasional  oversize  load. 

B.  Piceance  Creek  Road  -  Rio  Blanco  County  Road  5  (better  known  as  the  Piceance 
Creek  road)  from  Rio  Blanco  to  Ryan  Gulch  is  22  feet  wide  and  has  a  2-inch 
thick  asphalt  surface  which  is  checked  and  failing  in  many  places.  A  contract 
has  already  been  let  to  add  five  inches  of  asphalt  to  the  road  from  a  point 
south  of  Ryan  Gulch  north  to  the  White  River.  Resurfacing  of  the  remaining 
portion  (from  south  of  Ryan  Gulch  to  Rio  Blanco)  has  been  requested  by  Rio 
Blanco  county  for  late  1976. 

The  Piceance  Creek  road  is  basically  a  50-mph  facility  although  the  speed 
limit  is  reduced  in  several  areas  because  of  sharp  curves.  In  addition  to 
numerous  metal  culverts,  there  are  20  bridges  on  the  Piceance  Creek  road;  all 
are  in  good  condition  and,  according  to  bridge  structure  ratings  of  the  American 
Association  of  State  Highway  and  Transportation  Officials,  can  be  expected  to 
carry  maximum  legal  Colorado  highway  loads. 

C.  Ryan  Gulch  Road  -  The  Ryan  Gulch  road  (or  Rio  Blanco  County  Road  24)  as  it 
currently  exists  would  be  classified  as  an  unimproved  county  road.  Although 
some  sections  between  the  historic  Ryan  Gulch  School  and  Tract  C-a  were  recently 
upgraded,  none  of  it  is  paved.  A  dust-free,  paved  surface,  plus  a  new  bridge 
over  Piceance  Creek  will  be  necessary  before  the  heavy  traffic  associated  with 
Tract  C-a  development  begins.  Improvements  to  the  Ryan  Gulch  road  so  that  it 
can  safely  handle  the  anticipated  traffic  is  discussed  in  more  detail  in  a 
report  prepared  by  Morrison-Knudsen  Company,  Inc.,  entitled  "Access  Road, 
Tract  C-a  to  Meeker/Rifle  via  County  Road  24"  and  dated  November  21,  1975; 

this  report  has  been  furnished  to  the  AOSS. 

D.  Rangely  Access  Road  -  RBOSP  has  conducted  socio-economic  studies  which 
indicate  that  Rangely  should  logically  be  established  as  the  residence  of  most 
RBOSP  employees,  rather  than  Meeker  or  a  new  town.  Rangely  is  an  oil  town  -- 
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it  didn't  exist  until  the  1 940' s  when  development  of  the  Rangely  oil  field 
began.  Its  current  residents  are  accustomed  to  oil -related  development  and 
want  the  infusion  of  oil  shale  workers. 

Consequently,  RBOSP  has  studied  highway  access  from  Tract  C-a  to  Rangely  in 
considerable  detail.  The  conclusion  is  that  an  extension  of  Rio  Blanco  County 
Road  24  (the  Ryan  Gulch  road)  from  the  tract  to  Rangely  will  provide  badly 
needed  access  from  the  west  and  will  also  result  in  the  following: 

•  A  reduction  of  about  43  miles  in  the  driving  distance  and  thus 
commuting  time  from  Rangely  to  the  tract,  which  also  means  greater 
safety. 

•  Substantial  road  user  savings,  including  an  annual  savings  of  more 
than  400,000  gallons  of  gasoline  by  employees  commuting  from  Rangely. 

•  Improved  growth  potential  for  Rangely  and  better  population  distri- 
bution among  established  Rio  Blanco  communities. 

The  need  and  justification  for  the  Rangely  access  road  is  discussed  in  more 
detail  in  a  report  prepared  by  Morrison-Knudsen  Company,  Inc.,  entitled  "Access 
Road,  Tract  C-a  to  Rangely"  and  dated  November  14,  1975;  this  report  has  also 
been  furnished  to  the  A0SS. 

E.  State  Highway  64  -  State  Highway  64  between  Meeker  and  Rangely  will  carry 
yery   little  traffic  associated  with  Tract  C-a  development.  Although  routine 
maintenance  in  a  few  areas  and  straightening  of  some  winding  sections  would 
improve  riding  comfort,  the  highway  is  adequate  as  it  now  exists  and  no  changes 
are  anticipated  because  of  the  Rio  Blanco  Oil  Shale  Project. 


2.3  INTERNAL  ROAD  SYSTEM 

RBOSP 's  internal  road  system  will  consist  of  haul  roads  for  transporting  mine 
overburden,  sub-ore  and  waste,  and  processed  shale  to  disposal,  and  various 
service  and  access  roads  serving  the  mine,  processing  facility  and  processed 
shale  and  overburden  disposal  area.  In  contrast  to  the  public  road  system 
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discussed  in  preceding  paragraphs,  the  internal  road  system  will  be  constructed 
and  paid  for  by  RBOSP.  The  system  will  be  continually  modified  as  the  mine 
and  processing  facility  expand.  In  Phase  II,  for  example,  processed  shale 
will  be  transported  to  disposal  by  belt  conveyor  rather  than  by  truck,  but  the 
processed  shale  haul  road  will  probably  remain  as  a  conveyor  service  road, 
depending  on  the  final  alignment  of  the  conveyor.  Safety  and  efficiency  are 
the  controlling  factors  in  the  ultimate  design  and  location  of  all  internal 
roads. 

The  only  public  access  to  the  Rio  Blanco  Oil  Shale  complex  will  be  via  an 
intersection  near  the  southwest  corner  of  the  processing  facility.  This  will 
also  be  the  only  point  where  a  project  road  will  intersect  County  Road  24  at 
grade.  Grade  separation  structures  will  be  provided  at  RBOSP  expense  at  all 
other  points  where  access  or  haul  roads  intersect  County  Road  24. 

A  maximum  vertical  gradient  of  8%  will  be  used  on  all  internal  access  and  haul 
roads,  except  the  short  length  of  the  processing-facility  access  road  between 
the  security  gate  and  the  primary  sub-station,  which  will  require  a  grade 
approaching  10%,  due  to  the  topography  in  the  area.  Grades  of  10%  will  also 
be  used  on  several  short  sections  of  service  road  to  avoid  excessive  land 
disturbance.  Vertical  curvature  on  access  roads  in  the  internal  road  system 
will  be  designed  for  safe  stopping  at  a  speed  of  30  to  50  mph.  Horizontal 
curvature  will  vary  from  a  radius  of  100  feet  for  service  roads  to  250  feet 
for  haul  and  access  roads. 


2.4  REGULATION  OF  ACCESS 

In  compliance  with  lease  stipuations  BLM  regulations,  existing  roads  and 
trails  will  be  left  open  until  they  enter  an  area  that  presents  a  potential 
safety  hazard  to  the  public.  In  areas  where  such  hazards  exist,  warning  signs 
will  be  posted  or,  if  the  A0SS  approves,  the  roads  will  be  barricaded.  The 
type  of  control  used  will  depend  on  the  degree  of  potential  hazard.  During 
construction,  flagmen  or  other  warning  procedures  will  be  used,  as  necessary, 
to  protect  the  public. 
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The  processing  facility  will  be  separated  from  County  Road  24  by  a  fence, 
which  will  run  along  the  north  side  of  the  road  from  the  west  boundary  of  the 
processing  facility  to  the  County  Road  24  overpass  structure.  Additional 
fencing  will  be  placed  along  the  east  and  west  boundaries  of  the  processing 
facility.  These  fences  will  be  adequate  to  ensure  the  safety  of  the  public. 
Access  to  the  processing  facility  and  the  mine  will  be  controlled  by  a  security 
gate  located  at  the  entrance  from  County  Road  24.  Natural  barriers  will 
control  access  to  the  mine  from  the  north. 

An  existing  road  runs  up  Corral  Gulch  from  84  Ranch  to  the  mine  area.  Signs 
placed  along  this  road  west  of  its  intersection  with  County  Road  24  will  warn 
the  public  that  the  road  is  closed  ahead.  A  barricade  will  be  placed  across 
the  road  west  of  the  eastern  tract  boundary. 

A  trail  along  the  ridge  between  Corral  Gulch  and  Box  Elder  Gulch  will  be  left 
open.  Although  this  trail  does  not  enter  a  hazardous  area,  warning  signs  will 
be  posted  because  of  its  proximity  to  the  mine  area. 


2.5  OFF-ROAD-VEHICLE  USE 

Uncontrolled  use  in  the  area  by  off-road  RBOSP  vehicles  will  be  restricted. 
Existing  and  potential  trails  that  may  be  used  by  off-road  vehicles  will  be 
identified  and  posted  with  restrictive  warning  signs.  In  some  locations 
fences,  mounds,  trenches  or  other  physical  devices  will  be  installed  to  prohibit 
use.  Where  public  access  is  affected,  areas  will  be  closed  to  off-road  vehicles 
only  with  the  approval  of  the  BLM  and  AOSS. 
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CHAPTER  3 
POWER  SUPPLY  AND  DISTRIBUTION 


3.1  POWER  DEMAND 

Power  demand  by  the  Rio  Blanco  Oil  Shale  Project,  by  year,  is  estimated  to  be 
as  follows: 


Power  Demand 

Year 

MW 

1977 

0.4 

1978 

2.9 

1979-1981 

17.7 

1982-1984 

28.8 

1985 

227 

Installation  of  power  and  communications  lines  actually  will  begin  in  1976, 
but  power  won't  be  needed  at  the  tract  until  mine  development  and  construction 
of  the  processing  facility  begin  in  1977.  The  power  needed  during  construction 
will  be  about  0.4  MW  in  1977  and  about  2.9  MW  in  1978. 

Power  demand  will  then  increase  to  17.7  MW  in  1979  when  Phase  I  -  Stage  1 
operations  begin,  and  will  again  increase  to  28.8  MW  in  1982  when  Phase  I  - 
Stage  2  operations  begin.  Phase  II  power  demand  will  be  about  227  MW,  be- 
ginning in  1985. 


3.2  SUPPLY  SOURCE 

Tract  C-a  is  located  within  the  service  area  granted  to  Moon  Lake  Electric 
Association,  Inc.,  by  the  Colorado  Public  Utilities  Commission.  Moon  Lake  is 
thus  the  exclusive  distributor  of  electricity  to  the  Rio  Blanco  Oil  Shale 
Project. 
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As  of  January  1975,  Moon  Lake  owned  and  operated  a  total  of  331  circuit  miles 
of  69-KV  and  138-KV  transmission  lines  with  a  total  system  load  of  about  60  MW. 
Its  present  generating  facilities  consist  of  two  small  hydroelectric  plants 
with  a  combined  output  of  2.1  MW.  The  Association  has  historically  satisfied 
the  bulk  of  its  system  requirements  by  purchasing  power  from  wholesale  suppliers 
Moon  Lake  is  a  member  of  the  Intermountain  Consumer  Power  Association,  and 
through  this  association,  purchased  most  of  its  power  for  resale  during  1974 
from  the  Colorado  River  Storage  Project  of  the  U.  S.  Bureau  of  Reclamation. 
Figure  8-3-1  shows  Moon  Lake's  present  transmission  system,  interconnections 
with  Utah  Power  and  Light  Company,  Colorado-Ute  Electric  Association,  Inc.,  and 
the  USBR,  and  proposed  system  additions  through  1988. 

Moon  Lake  is  currently  buying  additional  power  from  Utah  Power  and  Light  and 
plans  to  use  this  source  to  satisfy  Phase  I  RBOSP  requirements.  As  discussed 
in  later  paragraphs,  several  alternatives  are  being  considered  to  satisfy  RBOSP 
demand  beyond  Phase  I. 

Actual  commitment  for  the  purchase  of  power  from  Moon  Lake  will  be  negotiated 
when  power  requirements  are   confirmed,  but  RBOSP  will  work  closely  with  Moon 
Lake  to  allow  adequate  lead  time  to  provide  for  Tract  C-a  demand. 


3.3  DELIVERY  TO  TRACT  C-a 

Phase  II  power  demand  at  Tract  C-a  dictates  the  need  for  a  230-KV  transmission 
line.  Moon  Lake's  basic  plan  is  to  tap  an  existing  138-KV  line  on  the  White 
River  approximately  eight  miles  east  of  Rangely.  Some  20  miles  of  single- 
circuit,  230-KV  transmission  line  will  be  built  between  there  and  Tract  C-a. 
The  anticipated  route  of  the  line  is  shown  on  Figure  8-1-1,  but  the  alignment 
won't  be  finalized  until  the  BLM  approves  Moon  Lake's  right-of-way  application. 
In  any  event,  the  line  will  terminate  at  RBOSP 's  main  sub-station  just  west  of 
the  processing  facility.  The  basic  pole  structure  used  will  be  the  standard 
REA  type  shown  in  Figure  8-3-2,  although  several  other  types  of  structures  will 
also  be  used  over  rough  terrain  and  at  points  where  the  line  changes  directions 
The  basic  2-pole  structures  will  vary  in  height  with  changing  terrain,  but  will 
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overhead  ground  wire 
(typical  2  places) 


230  kV  H-Frame  Two-Pole  Structure 
REATypeTH-230 


Figure  8-3-2 

TYPICAL  POLE  STRUCTURE  FOR  USE  ON  MOON  LAKE  TRANSMISSION 

LINE  TO  TRACT  C-a 
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stand  approximately  60  feet  high  and  be  set  in  the  ground  from  8  to  10  feet, 
depending  on  soil  conditions.  Raptor  perches  will  not  be  provided  since  the 
distance  between  lines  will  be  about  20  feet. 

The  230-KV  line  from  the  White  River  tap  point  will  be  operated  at  138  KV 
during  construction  and  Phase  I  operations.  Phase  II  demand  will  require 
conversion  of  the  line  to  230-KV  operation.  Several  alternatives  are  being 
considered  by  Moon  Lake  to  provide  the  required  230  KV  for  Phase  II  at  the 
White  River  tap  point;  listed  in  order  of  preference,  these  are: 

•  Construct  a  line  from  the  White  River  tap  point  to  connect  with  the 
U.  S.  Bureau  of  Reclamation's  138-KV  line  on  U.  S.  Highway  40  in 
Moffat  County  and  use  an  auto-transformer  at  the  tap  point  to  boost 
the  two  138-KV  lines  to  230  KV. 

•  Construct  a  230-KV  line  from  Colorado-Ute  Electric 's  generating 
station  at  Craig  to  the  White  River  tap  point. 

•  Construct  a  230-KV  line  from  a  Utah  Power  and  Light  sub-station  at 
Vernal  to  the  White  River  tap  point. 

•  Construct  a  coal-fired  generating  plant  east  of  Rangely  and  just 
north  of  the  White  River  tap  point. 

In  addition  to  providing  additional  power  for  Phase  II  demand,  it  will  probably 
be  necessary  to  ensure  power  reliability  for  Phase  II  by  running  a  second  230- 
KV  line  to  Tract  C-a.  Such  a  backup  line  could  come  from  a  White  River  tap 
point  (provided  adequate  capacity  is  obtained  from  some  of  the  sources  mentioned 
above),  or  preferably  from  a  looped  connection  with  other  utility  companies 
such  as  Colorado-Ute  Electric's  existing  230-KV  line  near  Rio  Blanco  (see 
Figure  8-3-1);  this  latter  alternative  would  provide  much  greater  reliability. 


3.4  POWER  DISTRIBUTION  AT  TRACT  C-a 

Moon  Lake's  delivery  voltage  to  the  main  sub-station  just  west  of  the  pro- 
cessing facility  will  be  24.9  KV  during  both  Phases  I  and  II.  Four  primary 
24.9  KV  circuits  will  be  required  during  Phase  I,  two  for  the  processing 
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facility  and  two  for  mining,  crushing,  and  other  project  demands.  The  number 
of  circuits  required  for  Phase  II  cannot  be  accurately  determined  at  this 
time. 

Power  distribution  lines  within  the  RBOSP  project  area  will  be  designed  in 
accordance  with  REA  standard  V-C-l.  Raptor  protection  will  be  provided  pur- 
suant to  REA  bulletin  61-10. 


3.5  STANDBY  POWER 

Power  outages  may  be  caused  by  a  number  of  circumstances,  such  as  loss  of 
generation  or  a  transmission  line,  transformer  failure,  or  other  control  mal- 
function. Some  will  be  of  short  duration  and  have  little  effect  on  operations, 
but  others,  such  as  loss  of  a  transmission  line  or  transformer,  may  cause  long 
delays  in  full  operations.  Power  failure  will  affect  all  operations  and  only 
self-powered  vehicles  and  facilities  with  standby  power  will  be  able  to  con- 
tinue operating.  Without  standby  power  in  certain  critical  areas  of  the 
mining  and  processing  operations  either  personnel  or  equipment,  or  both,  may 
be  endangered. 

Standby  power  sources  (such  as  portable  generators)  will  be  provided  as  needed. 
These  units  will  be  sized  to  accommodate  the  loads  they  serve  and  located  as 
close  as  practicable  to  those  loads. 
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CHAPTER  4 
PRODUCT  PIPELINE 


The  primary  product  from  the  Rio  Blanco  Oil  Shale  Project  (pipelineable  shale 
oil  in  Phase  I  and  upgraded  shale  oil  in  Phase  II)  will  be  transported  to 
Amoco's  pipeline  facilities  near  Rangely  via  a  26-mile,  10-inch  product 
pipeline  to  be  built  in  1978.  From  there  it  will  be  transported  through  Amoco's 
existing  10-inch  pipeline  to  other  connecting  carriers  for  ultimate  delivery  to 
refineries  in  the  west  and  midwest.  The  only  possible  exception  to  this  plan 
is  that  the  shale  oil  may  be  trucked  to  a  nearby  Colorado  refinery  during  Phase 
I.  Should  this  occur,  construction  of  the  pipeline  will  probably  be  postponed 
until  Phase  II.  The  pipeline  description  contained  in  this  chapter  is  based  on 
the  assumption  that  shale  oil  will  be  transported  by  pipeline  during  both  Phase 
I  and  Phase  II. 

Although  Phase  I  -  Stage  1  shale  oil  production  from  the  processing  facility  is 
planned  to  be  4,500  BPSD,  the  product  pipeline  will  be  designed  for  an  initial 
capacity  of  7,500  BPSD  to  provide  operating  flexibility.  By  installing  addition- 
al pumping  equipment  and  modifying  operations,  capacity  will  be  increased  to 
15,000  BPSD  during  Phase  I  -  Stage  2  and  again  increased  to  55,800  BPSD  for 
Phase  II.  The  entire  system  will  be  designed  to  be  easily  expandable  to  a 
capacity  of  75,000  BPSD. 

The  route  of  the  pipeline  is  shown  in  Figure  8-1-1.  Wherever  feasible,  it  will 
be  installed  immediately  adjacent  to  the  Rangely  access  road  until  the  road 
swings  north  about  3-1/2  miles  southeast  of  Rangely  to  connect  with  State  High- 
way 64.  At  this  point,  the  pipeline  will  continue  to  the  west,  then  gradually 
swing  to  the  northwest  across  the  White  River  and  terminate  at  Amoco's  pump 
station  about  two  miles  west  of  Rangely.  When  the  pipeline  forks  away  from  the 
Rangely  access  road,  it  will  follow  other  utility  lines  in  established  corridors 
for  the  remaining  distance  to  the  Amoco  pump  station. 
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4.1  PIPELINE  DESCRIPTION 

The  pipeline,  pumping  facility  and  tankage  will  be  designed  and  constructed  in 
strict  compliance  with  all  federal,  state,  and  local  regulations  and  industry 
codes.  The  following  is  a  listing  of  some  of  the  most  important. 

Oil  shale  lease  and  environmental  stipulations  attached  thereto. 

Department  of  Transportation  regulations  for  liquid  pipeline  systems 

Title  49  CFR  Part  195. 

Federal  Communications  Commission—Rules  and  Regulations. 

OSHA--Title  20  CFR  Part  1910. 

American  National  Standards  Institute  codes  B31.4,  B16.5,  B16.9. 

'API  5L,  5LX,  2531,  2534,  6D,  and  12D. 

National  Association  of  Corrosion  Engineers  RP-01. 

National  Fire  Protection  Association  Flammable  and  Combustible  Code- 

30. 

A.  Equipment  -  The  pipeline  will  consist  of  10-3/4  inch  O.D.,  0.219-inch  wall 
thickness,  API  Grade  B  carbon  steel  linepipe  for  the  first  17  miles  after  it 
leaves  the  pumping  station  at  Tract  C-a.  The  remainder  will  be  10-3/4  inch 
O.D.,  0.250-inch  wall  thickness,  API  Grade  X-42  carbon  steel  linepipe  because 
of  higher  pressures  in  the  pipeline  due  to  a  greater  elevation  differential  on 
the  western  end  of  the  line.  The  pipe  will  be  manufactured  to  API  Code  5L  and 
5LX  specifications  and  comply  with  Department  of  Transportation  regulations, 
Part  195. 

All  mainline  shut-off  valves  will  be  built  to  comply  with  API  Standard  6D  and 
will  be  ANSI  600  Lb  class  rated  to  operate  at  a  miximum  pressure  of  1440  psi . 

The  main  pumping  station  will  be  located  at  the  west  edge  of  the  processing 
facility  at  Tract  C-a.  Two  100-hp  positive  displacement  pumping  units,  each 
capable  of  delivering  7,500  BPSD  at  a  working  pressure  of  720  psi,  will  be 
installed  for  Phase  I  -  Stage  1  operations.  One  unit  will  serve  for  emergency 
stand-by  and  will  be  powered  by  a  diesel  engine.  The  main  operational  unit 
will  be  electrically  driven.  An  additional  100-hp  electrically  driven  positive 
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displacement  pump  will  be  installed  for  Phase  I  -  Stage  2  operations  to  increase 

total  system  capacity  to  15,000  BPSD.  A  500-hp  electric  centrifugal  pumping 

unit,  capable  of  delivering  55,800  BPSD  at  400  psi  will  be  placed  in  service 
for  Phase  II  operations. 

Relief  valves  and  high-pressure  shutdown  devices  will  be  installed,  as  needed, 
on  the  pipeline  and  at  station  facilities. 

During  Phase  I,  two  3-inch,  300  Lb  ANSI  positive  displacement  meters  will  be 
installed  at  Rangely  for  custody  transfer  and  measurement  of  product  delivered 
by  the  RB0SP  pipeline  to  Amoco  Pipeline  Co.  A  mechanical  displacement  prover 
will  be  installed  for  calibration  of  these  meters.  It  will  be  capable  of 
proving  6-inch  meters  at  1400  BPH  to  handle  Phase  II  requirements. 

The  pipeline  will  be  fed  from  a  blending  station  at  the  Tract  C-a  processing 
facility.  At  the  Rangely  end  of  the  pipeline,  the  product  will  be  stored  in  a 
new  40,000-barrel  tank  in  order  to  segregate  the  shale  oil  from  other  oil  in 
Amoco's  pipeline  system.  An  additional  40,000-barrel  tank  will  be  required  at 
Rangely  for  Phase  II,  but  the  blending  station  at  Tract  C-a  will  be  adequate 
for  both  Phase  I  and  Phase  II. 

B.  Electrical  Equipment  and  Safety  Monitors  -  Distribution  voltage  to  the  pump 
station  will  be  25  KV  3-phase  power.  In  Phase  I,  it  is  planned  that  a  300-KVA 
transformer  bank  consisting  of  three  100-KVA  transformers  rated  25  KV  to  460 
volts  each  be  installed  to  supply  power  for  the  pumping  units  and  auxiliary 
equipment. 

For  Phase  II,  a  50-KVA  transfomer  bank  consisting  of  three  167-KVA  transformers 
rated  24.9-KV  to  2300  volts  will  be  installed  to  supply  power  for  the  500-hp 
pump. 

Electric  motors  will  be  equipped  with  motor  bearing  temperature  monitors  set  to 
shut  down  units  should  the  maximum  allowable  bearing  temperature  be  exceeded. 
The  pump  bearings  and  pump  case  will  also  be  equipped  with  temperature  monitors. 
The  pump  will  be  protected  for  low  suction  and  high  discharge  pressure  and  high 
flow  rate,  and  against  excess  vibration. 
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4.2  CONSTRUCTION 

A.  Preparation  and  Use  of  Right-of-Way  -  As  noted  earlier,  the  pipeline  will 
follow  the  road  over  most  of  the  route  between  the  tract  and  Rangely.  In 
especially  rough  terrain,  the  pipeline  will  be  buried  in  the  roadway  shoulder 
or  in  a  rock  ditch;  in  other  areas  it  will  be  installed  as  close  to  the  road  as 
possible.  In  those  places  where  the  pipeline  is  not  adjacent  to  the  road,  a 
maximum  of  50  feet  of  right-of-way  will  be  required. 

Clearing  of  the  right-of-way  before  digging  the  pipeline  ditch  will  be  minimized 
and  will  only  be  done  in  areas  where  removal  of  brush  and  trees  is  necessary. 
Disturbance  of  land  outside  the  ROW  will  be  avoided.  Any  trees  removed  from 
the  ROW  will  be  disposed  of  in  compliance  with  BLM  requirements.  For  example, 
slash  from  cuttings  could  be  stacked  for  later  scattering  on  the  ROW  after 
reseeding.  There  will  be  no  burning  of  slash  along  the  ROW  without  prior 
approval  from  appropriate  regulatory  agencies. 

Where  gaps  are  to  be  cut  in  fences,  or  existing  gates  and/or  cattle  guards  are 
to  be  widened,  fences  will  be  properly  brached  so  that  they  will  not  become 
slack  when  cut.  Any  gates,  cattle  guards,  or  fences  which  are  damaged  will  be 
repaired. 

During  construction,  pipe  shall  be  strung  along  the  right-of-way  so  as  to  cause 
the  least  possible  interference  with  the  normal  use  of  the  land  crossed.  Gaps 
shall  be  left  at  frequent  intervals  to  permit  the  regular  use  of  the  land  and 
for  the  passage  of  equipment,  vehicles,  cattle  and  wildlife. 

B.  Ditches  -  The  pipeline  ditch  will  be  no  wider  than  24  inches  (except  in 
rock)  and  deep  enough  to  provide  a  minimum  of  36  inches  of  cover  over  the  pipe. 
The  ditch  will  be  appropriately  deeper  where  the  pipeline  must  pass  beneath 
another  pipeline  or  other  underground  facility  to  provide  at  least  12  inches  of 
clearance;  sandbags  will  be  installed  at  such  crossings  to  ensure  clearance 
between  the  facilities.  Ditches  in  rock  will  be  at  least  28  inches  wide;  some 
blasting  may  be  required  in  areas  where  rock  is  encountered. 
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C.  Welding  -  All  welding  will  comply  with  the  latest  edition  of  API  Standard 
1104,  "Standard  for  Welding  Pipeline  and  Related  Facilities."  Welders  will  be 
qualified  pursuant  to  tests  outlined  in  API  1104.  All  welds  will  be  radio- 
graphically  inspected  during  construction  of  the  pipeline  and  frequent  destruc- 
tive analysis  of  test  welds  will  be  performed  as  required  to  maintain  the 
integrity  of  the  welding  program. 

D.  Coating  -  All  pipe  will  be  cleaned,  then  coated  with  cold  tar  enamel  and 
wrapped  with  fiber  glass  and  asbestos  felt  to  comply  with  National  Association 
of  Corrosion  Engineers  TGF-3  specifications  for  a  temperature  exposure  range 
of  -10°  to  160°  F.  All  coating  will  be  applied  under  controlled  conditions  in 
the  yard  of  a  pipeline  coating  contractor  before  shipment  to  the  site.  The 
coating  will  provide  excellent  protection  for  the  pipe  against  corrosive  or 
oil-soaked  soils  as  well  as  withstand  mechanical  soil  stresses.  Welded  joints 
will  be  thoroughly  cleaned,  primed,  coated  and  wrapped  with  the  same  materials 
used  for  line  coating.  Prior  to  backfilling,  all  coated  pipe  will  be  inspected 
with  an  electric  holiday  detector  to  determine  if  coating  has  been  properly 
applied  and  all  defects,  damaged  areas  and  holes  will  be  repaired. 

At  the  White  River  crossing,  the  pipe  will  be  coated  to  the  above  specifications 
and  will  also  have  a  one-inch  concrete  coating  to  provide  additional  durability 
and  to  ensure  that  the  pipe  has  no  tendency  to  float  out  of  its  entrenchment. 

E.  Lowering  Backfill  and  Cleanup  -  Pipe  will  be  lowered  into  the  ditch  with 
sufficient  sag  bends  and  overbends  such  that  the  pipe  fits  the  contour  of  the 
bottom  of  the  ditch.  In  places  where  rock  is  encountered,  the  ditch  will  be 
padded  with  four  inches  of  sand  or  loose  soil  before  laying  the  pipe.  Once  in 
the  ditch,  the  pipe  will  be  covered  with  six  inches  of  sand  or  loose  soil 
before  backfilling  with  any  rock-laden  soil  that  might  damage  the  coating.  When 
backfilling  is  completed  and  compacted,  the  ROW  will  be  leveled,  restored  and 
seeded  with  a  mixture  designated  by  the  proper  regulatory  agencies.  On  steep 
slopes,  sandbag  retards  will  be  placed  in  the  trench  to  prevent  erosion  of  the 
ditch  line  during  heavy  rainfall.  Also,  waterbars,  waterbreaks  and  culverts 
will  be  provided,  as  necessary,  to  divert  runoff  and  maintain  natural  drainage. 
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F.  Cleaning  and  Hydrostatic  Testing  -  After  the  pipeline  is  installed  in  the 
ditch  and  backfill  completed,  a  sizing  plate  and  cleaning  scrapers  will  be 
propelled  through  the  line  with  compressed  air.  This  procedure  will  locate  any 
pipeline  dents  or  buckling  that  must  be  repaired  before  operation,  and  will 
also  clear  the  line  of  all  soil  and  other  debris;  the  debris  will  be  caught  in 
a  trap  at  the  end  of  the  line.  The  line  will  then  be  hydrostatically  tested  to 
90%  of  the  specified  yield  strength  of  the  pipe  in  accordance  with  industry 
standards  and  Department  of  Transportation  regulations.  Hydrostatic  test 
pressure  shall  be  maintained  for  a  minimum  of  24  hours.  Water  used  during 
hydrostatic  testing  will  be  disposed  of  in  accordance  with  any  state  or  Federal 
permits  required. 

G.  Road  and  River  Crossings  -  Ditches  across  small  unimproved  roads  and 
trails  will  be  cut  as  part  of  the  normal  ditching  procedures.  Crossing  of 
improved  roads  will  be  by  boring  beneath  the  traveled  surface.  If  the  road  is 
paved,  the  crossing  will  be  bored  and  the  pipeline  will  be  installed  in  a  14- 
inch  casing  pipe.  Where  the  pipe  is  cased,  vents,  insulators,  and  seals  will 
be  used  to  insulate  the  carrier  pipe  from  the  casing  pipe.  A  minimum  of  four 
feet  of  cover  will  be  provided  between  the  top  of  the  pipe  and  the  bottom  of 
borrow  ditches  at  all  road  crossings. 

At  the  White  River  crossing,  there  will  be  a  minimum  of  seven  feet  of  cover 
between  the  top  of  the  pipe  and  the  river  bed.  The  cover  will  be  gradually 
increased  from  the  normal  three  feet  beginning  100  feet  on  either  side  of  the 
river.  Conventional  excavating  equipment  (probably  draglines)  will  be  used  for 
digging  a  trench  in  the  river;  the  job  can  probably  be  accomplished  from  the 
river  bank,  with  no  need  for  the  equipment  to  be  in  the  river  proper.  Meanwhile, 
the  pipeline  will  be  welded  into  a  continuous  string  on  the  river  bank,  where 
it  will  also  be  hydrostatically  tested  and  concrete  field  joints  installed. 
The  entire  string  will  then  be  pulled  into  the  trench  excavated  in  the  river; 
the  actual  installation  of  the  line  in  the  trench  will  be  done  in  a  short 
period  of  time  and  backfilling  will  be  completed  quickly  thereafter.  In  addition 
to  the  pipe  coating,  the  pipeline  at  the  river  will  also  have  a  one-inch  concrete 
jacket  to  provide  mechanical  protection  against  outside  damage  and  to  ensure 
that  the  pipe  has  no  tendency  to  float  out  of  the  trench.  After  installation, 
the  river  bank  will  be  rock  rip-rapped  to  prevent  erosion. 

8-4-6 


4.3  SHUTOFF  VALVES 

Figure  8-4-1  illustrates  the  entire  pipeline  system,  including  the  location  of 
the  shutoff  valves.  The  shutoff  valves  installed  at  both  ends  of  the  pipeline 
will  be  equipped  with  motor  operators  to  facilitate  remote  and  quick  shut-off 
in  the  event  of  an  emergency  or  accident.  Shutoff  valves  will  also  be  in- 
stalled at  other  points  along  the  pipeline  in  compliance  with  Department  of 
Transportation  regulations,  Part  195,  and  in  consideration  of: 

Terrain  and  drainage  systems  traversed 

Population  centers 

Wildlife  and  fishery  habitat 

Public  water  supplies  and  significant  water  bodies 

Hazardous  geologic  areas 

Scenic  values 

Based  on  the  above  considerations,  valves  will  be  located:  at  the  Tract  C-a 
pumping  station  (this  will  be  an  automatic  station  shutdown  valve);  at  the  head 
of  East  Spring  Creek;  on  both  sides  of  Douglas  Creek;  on  both  sides  of  the 
White  River;  and,  at  Amoco 's  Rangely  delivery  station. 

Initially,  the  pipeline  will  probably  be  operated  from  Tract  C-a.  Later,  the 
pipeline  will  be  operated  remotely,  probably  from  AMOCO's  remote  system  opera- 
tion at  Casper,  Wyoming. 


4.4  CORROSION  CONTROL 

All  external  cathodic  protection  will  be  provided  by  groundbed  installations 
using  either  impressed  current  or  galvanic  systems.   Impressed  current  beds 
will  consist  of  rectifiers,  direct  burial  cable,  and  graphite  anodes.  Deep 
well  impressed  current  beds  will  consist  of  highly  durable  cable  and  alloy  cast 
iron  anodes.  Galvanic  anodes  will  consist  of  specially  prepared  materials  such 
as  magnesium  or  zinc.  Design  Standards  for  the  cathodic  protection  system  will 
be  in  accord  with  NACE  RP-01-69. 
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Corrosion  control  coupons  (small  pipe  samples)  will  be  placed  inside  the  pipe- 
line at  both  the  Rangely  and  Tract  C-a  stations  to  monitor  internal  corrosion 
rates.  Coupons  will  be  removed,  analyzed,  and  replaced  every  six  months. 
Single  wire  test  stations  will  be  installed  at  various  points  along  the  pipeline 
during  construction  to  provide  for  the  measurement  of  pipe-to-soil  potentials. 
There  will  normally  be  one  test  station  per  mile,  but  additional  test  stations 
will  be  installed  where  the  RBOSP  line  crosses  another  pipeline  and  there  is  a 
possibility  of  corrosion-causing  current  between  the  two  pipes. 

Inspections  every  two  months  will  be  part  of  the  maintenance  program  for  the 
cathodic  protection  system.  The  bi-monthly  inspections  will  include  a  visual 
inspection  and  reading  of  rectifier  voltage  and  amperage. 

Annual  inspections  will  be  made  of  all  buried  pipeline  facilities.  This  will 
include  measurement  of  pipeline  potentials  at  the  electrical  test  stations, 
exposed  valves,  and  at  other  locations  where  interference  may  occur.  Periodic 
aerial  inspections  will  also  be  made  to  look  for  leaks,  potential  land  slides, 
construction  activities  by  others  near  the  pipeline,  and  other  potential 
problems. 

Whenever  previously  buried  pipe  is  exposed,  an  examination  will  be  made  of  the 
coating  and  the  pipe.  If  the  coating  has  deteriorated  or  if  the  pipeline  is 
bare,  an  inspection  for  corrosion  will  be  made.  If  corrosion  is  found,  further 
investigation  will  be  made  as  to  the  severity  and  extent  of  corrosion,  and  re- 
pairs will  be  made  as  necessary.  If  the  pipeline  is  cut,  a  similar  inspection 
will  be  made  of  signs  of  internal  corrosion  and  appropriate  measures  shall  be 
taken,  as  necessary. 


4.5  LEAK  DETECTION 

The  pipeline  will  be  continuously  monitored  for  leaks  through  pressure  and  flow 
instrumentation.  A  major  leak  will  automatically  cause  pumping  stations  to 
shut  down.  Periodic  aerial  inspections  will  also  be  made. 
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CHAPTER  5 
WATER  SUPPLY  AND  DISTRIBUTION 


5.1  WATER  DEMAND 


Estimated  water  requirements  for  Phases  I  and  II  are  given  in  Table  8-5-1 


Table  8-5-1 

ESTIMATED  MAXIMUM  WATER  REQUIREMENTS 
Acre-feet  per  Year 

Phase  I 


Use           Stage  1        Stage  2  Phase  II 

1,950  8,300 

20  50 

100  550 

300  1,100 


Processing 

975 

Potable 

15 

Irrigation 

100 

Dust  Control 

300 

Total       1,390         2,370        10,000 

About  70  to  80%  of  the  estimated  water  demand  is  attributable  to  the  processing 
facility.  These  requirements  are  defined  in  more  detail  in  Section  6,  but  in- 
clude water  for  boiler  feed,  cooling,  moisturizing  processed  shale,  operation 
of  retort  scrubbers  and  miscellaneous  uses.  Approximately  40%  of  the  total 
process  water  input  is  consumed  in  moisturizing  processed  shale.  Evaporation 
losses  from  TOSCO  retort  scrubbers  and  cooling  towers  account  for  almost  all  of 
the  remaining  water  input;  about  4%  is  chemically  converted  during  processing 
in  Phase  II. 

The  potable  water  estimates  given  in  Table  8-5-1  are  based  on  a  rate  of  35  GPD 

per  capita  for  operating  personnel.  Not  included  in  the  potable  water  estimate 

are  those  non-human  potable  needs  in  the  processing  facility,  which  are  included 
in  the  processing  estimate. 


8-5-1 


Irrigation  requirements  for  revegetated  areas  (primarily  the  processed  shale 
and  overburden  disposal  pile)  are  particularly  difficult  to  estimate  because  of 
unpredictable  variations  in  natural  precipitation  from  year  to  year.  The 
estimates  in  Table  8-5-1  are  based  on  the  assumption  that  newly-revegetated 
areas  would  require  irrigation  for  two  years  at  a  rate  of  about  nine  inches  per 
year.  This  should  provide  adequate  water  for  the  dryer  years  and  be  more  than 
enough  for  wet  years. 

Water  requirements  for  dust  control  are  also  difficult  to  estimate  because  of 
variations  in  natural  precipitation.  The  estimates  given  in  Table  8-5-1  are 
adequate  for  several  daily  water  applications  during  the  warm,  dry  months  of 
the  year  to  some  10  miles  of  haul  and  access  roads  and  other  areas  where  dust 
control  may  be  necessary.  As  noted  above,  water  requirements  for  moisturizing 
processed  shale  are  included  in  the  processing  facility  estimate. 

Expansion  beyond  the  Phase  II  shale  oil  production  level  of  55,800  BPSD  would 
require  additional  water  at  the  rate  of  approximately  10,000  AFY  per  50,000 
BPSD  of  shale  oil  production.  The  water  demand  for  a  300,000  BPSD  production 
level,  for  example,  would  be  about  60,000  AFY. 


5.2  WATER  SUPPLY 

The  water  supply  for  development  of  Tract  C-a  through  Phase  II  will  come  from  a 
mine  dewatering  system,  supplemented  as  necessary  by  other  ground  water  wells 
on  the  tract.  Expansion  beyond  the  Phase  II  production  level  of  55,800  BPSD 
will  probably  require  the  development  of  surface  water  supplies  to  augment 
Tract  C-a  ground  water  sources. 

As  now  planned,  the  Phase  I  mine  dewatering  system  will  consist  of  eight  wells 
lining  the  perimeter  of  the  open  pit.  Maximum  dewatering  requirements  in  Phase 
I  are  projected  to  be  about  two  cubic  feet  per  second  (cfs).  The  Phase  I 
project  water  requirements  given  in  Table  8-5-1  are  equivalent  to  approximately 
1.9  and  3.3  cfs  for  Stage  1  and  Stage  2,  respectively.  Thus,  mine  water  alone 
will  not  be  sufficient  to  meet  Phase  I  demand  and  will  have  to  be  supplemented 
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by  additional  ground  water  wells  located  east  of  the  Phase  I  open  pit.  These 
wells  will  eventually  be  abandoned  as  the  open  pit  expands  during  Phase  II. 

The  mine  dewatering  system  will  be  continually  modified  with  the  addition  of 
new  wells  and  abandonment  of  old  ones  as  the  open  pit  grows  larger  and  deeper 
throughout  Phase  II  operations.  Current  data  indicates  that,  during  the  early 
years  of  Phase  II,  mine  dewatering  will  be  insufficient  to  meet  total  project 
water  demands  and  supplemental  wells  will  continue  to  be  used.  Eventually, 
however,  mine  dewatering  is  expected  to  provide  more  than  enough  water  for  the 
projected  demand.  Beginning  about  eight  or  nine  years  after  Phase  II  begins, 
mine  dewatering  is  expected  to  produce  between  11,000  and  14,000  AFY  which  is 
equivalent  to  about  15  to  20  cfs.  A  description  of  the  analytical  methods 
(including  a  computerized  finite  difference  model)  used  in  estimating  mine 
dewatering  requirements  plus  a  more  detailed  description  of  the  dewatering 
system  itself  is  presented  in  Section  4,  Chapter  3. 

The  Yellow  Creek  reservoir  would  be  the  key  feature  of  a  surface  water  system 
if  expansion  beyond  Phase  II  production  levels  occurs.  The  Yellow  Creek  dam 
would  be  located  on  Yellow  Creek  about  four  miles  south  of  its  confluence  with 
the  White  River  and  about  14  miles  northeast  of  Tract  C-a.  Water  would  be 
diverted  from  the  White  River  at  a  point  about  25  miles  downstream  of  Meeker 
and  pumped  to  the  Yellow  Creek  reservoir  for  storage.  From  there,  the  water 
would  be  pumped  uniformly  throughout  the  year  in  a  buried  pipeline  to  Tract 
C-a.  The  diversion  structure  on  the  White  River  would  create  a  pond  of  less 
than  200  acres  at  flood  stage. 

The  Yellow  Creek  reservoir  would  be  developed  in  stages,  as  necessary,  to  pro- 
vide regulation  of  flows  diverted  from  the  White  River  at  relatively  high  rates 
during  periods  of  surplus  flows.  A  dam  height  of  some  240  feet  would  create  a 
storage  capacity  of  about  138,000  acre-feet.  By  building  the  dam  another  100 
feet  higher,  storage  capacity  would  be  tripled  to  more  than  400,000  acre-feet. 

5.3  WATER  RIGHT  ACQUISITION 

RB0SP  has  conducted  an  active  program  of  securing  rights  to  the  ground  and 
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surface  water  supplies  needed  for  Tract  C-a  development  within  the  prior 
appropriation  doctrine  under  which  Colorado  administers  the  use  of  its  water. 
From  the  outset,  the  program  has  been  guided  by  three  assumptions,  each  of 
which  has  been  confirmed  by  engineering  studies: 

•  Water  requirements  would  increase  with  project  expansion  from  about 
1,390  AFY  in  Phase  I  to  about  10,000  AFY  in  Phase  II  and  could  reach 
60,000  AFY  if  expansion  beyond  Phase  II  occurs. 

t   Ground  water  should  be  used  to  the  maximum  extent  practicable  for 
both  environmental  and  economic  reasons. 

•  A  surface  water  system  to  back  up  and  supplement  the  ground  water 
should  be  developed  from  the  White  River. 

A.  Ground  Water  -  Most  of  the  ground  water  existing  in  the  vicinity  of  Tract 
C-a  is  part  of  a  basin-wide  aquifer  system,  wherein  the  water  is  in  a  state  of 
transient  storage  and  moving  slowly  towards  discharge  into  surface  streams  in 
the  area.  Since  most  of  the  ground  water  beneath  Tract  C-a,  especially  that 
in  the  lower  aquifer,  is  of  lower  quality  than  the  major  stream  (the  White 
River)  into  which  it  ultimately  discharges,  it  is  desirable  from  an  environ- 
mental standpoint  to  minimize  such  flow.  And  since  an  open  pit  mine  on  Tract 
C-a  must  be  dewatered  anyhow,  logic  dictates  that  the  ground  water  should  be 
used  for  project  needs  wherever  possible  to  prevent  it  from  contaminating 
surface  water.  RBOSP's  intention  is  to  do  just  that. 

Economic  factors  favoring  the  use  of  ground  water  for  Tract  C-a  development 
and  early  indications  that  this  water  source  would  be  adequate,  at  least 
through  Phases  I  and  II,  led  RB0SP  to  file  an  application  to  appropriate  the 
ground  water  with  the  Colorado  District  5  Water  Court  in  Glenwood  Springs  in 
December  1974.  The  application  initially  was  opposed  by  nine  entities,  most 
of  whom  filed  protests  solely  because  RB0SP  claimed  a  priority  date  of  1930. 
RB0SP  reasoned  that  a  water  right  developed  in  conjunction  with  work  on  Tract 
C-a  might  be  entitled  to  a  1930  priority  date,  the  date  of  the  U.S.  Department 
of  the  Interior's  withdrawal  of  the  Piceance  Creek  basin  for  oil  shale  investi- 
gations.  The  oil  shale  withdrawal  remains  in  effect  today,  but  using  it  as  a 
basis  for  claiming  water  right  priorities  requires  the  support  of  the  U.S. 
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government.  In  response  to  direct  inquiry,  the  Interior  solicitor  stated  that 
the  U.S.  government  would  not  support  the  reserve  rights  claim.  RBOSP  thus 
withdrew  its  claim  to  the  1930  priority  date  which  in  turn  led  to  the  withdrawal 
of  most  of  the  original  protests. 

The  original  application  claimed  41  dewatering  and  water  development  wells, 
each  for  1.5  cfs,  to  be  spaced  uniformly  throughout  Tract  C-a,  plus  a  similarly 
designed  replacement  well  system.  The  application  noted  that  the  number, 
location  and  capacity  of  the  wells  were  subject  to  change  pending  mining 
studies,  dewatering  analyses,  and  related  investigations.  By  mid-1975,  these 
studies  had  progressed  far  enough  to  warrant  submittal  of  an  amended  applica- 
tion which  claimed  a  total  of  96  wells  for  Phase  I  and  Phase  II  development. 
Applications  for  permits  to  construct  the  96  wells  were  filed  at  the  same  time 
with  the  Colorado  State  Engineer.  RBOSP  now  intends  to  file  a  second  amended 
application  to  further  refine  the  mine  dewatering  system  design  and  effect  a 
better  balance  between  dewatering  requirements  and  projected  water  needs. 

As  suggested  by  the  Court,  RBOSP  plans  to  continue  negotiations  towards  for- 
mulating a  consent  decree  agreeable  to  all  parties  in  the  case.  If  successful 
a  consent  decree  would  be  submitted  for  the  water  court's  consideration.  The 
decree  will  be  based  on  the  second  amended  application  and  other  supporting 
data  and  analyses.  If  agreement  cannot  be  reached  on  all  issues,  the  unresolved 
matters  will  be  submitted  to  the  water  court  for  judicial  determination. 

Meanwhile,  the  State  Engineer  issued  a  denial  of  the  well  permit  applications, 
RBOSP  entered  a  protest  to  this  ruling  and  this  protest  is  still  pending. 

For  the  purpose  of  planning  dewatering  and  well  development  systems  on  Tract 
C-a,  RBOSP  has  considered  two  plans:  first  is  the  Phase  I  and  II  plan  described 
in  this  DDP;  the  second  is  a  two-stage  expansion  to  an  ultimate  shale  oil  pro- 
duction capacity  of  300,000  BPSD.  RBOSP  is  currently  developing  various 
supporting  data  and  other  materials  to  resolve  the  legal  issues  concerning  the 
water  right  application.  Work  on  this  information,  including  methods  and 
parameters  used  in  comparing  it  with  publicly  available  data  and  analyses,  is 
scheduled  to  be  completed  by  May  1976.  The  information  being  developed  is: 
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•  Designs  of  dewatering  and  well  development  systems  for  each  plan, 
each  formulated  for  staged  implementation  to  optimize  dewatering 
requirements  and  projected  water  needs. 

§   Computer  analyses  and  related  engineering  studies  to  objectively 
predict  impacts  of  dewatering  on  regional  streams,  including  long- 
range  decreases  in  ground  water  discharge,  and  allocation  of  those 
impacts  to  stream  flow,  alluvial  flow,  or  historic  natural  depletions. 

•  A  monitoring  system  designed  to  measure  the  actual  impacts  of  de- 
watering  on  regional  surface  and  ground  water  regimes  and  to  separate 
these  effects  from  those  caused  by  other  developments  in  the  region. 

§    A  30-year  inventory  and  record  of  surface  and  ground  water  uses  in 

the  region, 
t    Alternative  plans  of  augmentation  to  protect  vested  water  rights  in 

the  manner  set  forth  in  the  consent  decreee  as  stipulated  to  by  all 

parties  and  approved  by  the  court  or  as  otherwise  directed  by  the 

court. 

B.  Surface  Water  -  While  RBOSP  expects  that  ground  water  will  be  sufficient 
for  Phase  I  and  II  development,  it  was  deemed  prudent  to  establish  legal 
rights  to  surface  water  as  soon  as  possible.  RBOSP  filed  applications  for  a 
storage  decree  and  reservoir  right-of-way  for  Yellow  Creek  reservoir  in  early 
1974.  The  water  referee  subsequently  entered  a  conditional  decree  for  the 
full  428,000-acre  foot  capacity  of  the  reservoir.  Processing  of  the  ROW 
application  by  the  Bureau  of  Land  Management  has  since  been  deferred,  upon 
RBOSP' s  request,  pending  determination  of  other  ROW  needs. 

A  water  resources  firm  was  hired  in  early  1974  to  prepare  engineering  studies 
to  compare  the  Yellow  Creek  reservoir  and  White  River  diversion  works  with  14 
alternative  surface  water  supply  plans  involving  diversion  from  the  White, 
Colorado  or  Yampa  rivers,  or  from  existing  or  planned  U.  S.  Bureau  of  Reclama- 
tion projects  on  these  streams.  As  anticipated,  these  studies  confirmed  the 
economic  advantage  of  the  selected  system  and  conceptual  designs  and  drawings 
were  prepared.  A  field  investigation  was  also  made  to  confirm  the  geological 
adequacy  of  the  proposed  dam  site  and  related  facilities.  An  application  was 
then  submitted  to  the  Water  Court  for  a  300  cfs  water  right  on  the  White  River 
and  a  conditional  decree  (dated  1974)  was  subsequently  entered  by  the  referee. 
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The  300  cfs  right  would  allow  RBOSP  to  divert  from  the  river  at  a  rate  of 
about  18,000  AF  per  month  during  periods  of  high  flow  (about  three  months 
during  late  spring  and  early  summer)  to  obtain  the  estimated  maximum  needs  of 
60,000  AFY. 

The  average  annual  flow  of  the  White  River,  some  560,000  AF,  is  sufficient  to 
supply  this  amount  since  current  depletions  amount  to  only  about  60,000  AFY; 
however,  there  are  numerous  conditionally  decreed  water  rights  bearing  earlier 
priority  dates  on  the  White  River  which  could  be  developed  and  thus  preclude 
use  of  RBOSP' s  1974  decree.  Recognizing  the  need  to  obtain  water  rights  with 
earlier  priority  dates  to  ensure  water  supply  reliability,  RBOSP  initiated 
negotiations  with  Rocky  Mountain  Power  Company  (R0MP0C0),  owners  of  such 
industrial  water  rights. 

The  negotiations  culminated  in  an  option  contract  for  the  purchase  of  condi- 
tional water  rights  bearing  a  1957  priority  date  initially  decreed  for  a 
diversion  of  White  River  water  to  the  Colorado  main-stem  basin.  As  originally 
decreed,  the  project  contemplated  a  large  scale  diversion  of  the  headwaters  of 
the  White  River  to  the  Sweetwater  Creek  drainage  for  electric  power  generation 
and  thence  transfer  of  the  imported  water  to  Colorado's  eastern  slope  by 
exchange.  The  option  contract  was  conditioned  upon  proof  of  reliability  of 
the  rights  to  generate  a  minimum  net  yield  of  45,000  acre-feet  per  year  under 
both  intra-state  and  inter-state  constraints  at  full,  foreseeable  development 
of  the  basin.  Subsequent  computer  analyses  using  the  Colorado  River  Simulation 
Model  (C0RSIM)  have  shown  the  rights  capable  of  withstanding  intra-state 
demands  and  related  studies  are  underway  to  consider  potential  constraints  of 
the  Colorado  River  compact  and  of  Federal  reserve-rights  claims. 

Meanwhile,  RBOSP  filed  an  application  with  the  Water  Court  to  change  the  point 
of  diversion  of  the  R0MP0C0  decree  to  a  point  near  Yellow  Creek,  some  70  miles 
downstream  of  the  originally  decreed  diversion  points.  Since  the  proposed 
change  will  preserve  and  protect  the  regime  of  the  stream  in  its  foremost 
aesthetic  and  recreational  reach,  it  has  unquestionable  environmental  advantage 
Nevertheless,  formal  statements  of  opposition  to  the  change  were  entered  by 
the  Colorado  River  Water  Conservation  District  and  three  industrial  interests. 
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At  the  present  %me,   following  the  entering  of  a  stipulation  showing  plans  for 
proper  administration  of  the  changed  decrees  and  agreeing  to  bar  trans-basin 
diversion  in  future  disposition  of  certain  surplus  decrees,  all  opposition  has 
been  withdrawn.  It  is  expected  that  a  change  decree  will  now  be  issued  upon  a 
showing  to  the  Court  of  the  proposed  method  of  operation  and  administration 
which,  of  course,  has  been  formulated  to  meet  the  requirements  of  the  law. 

The  Army  Corps  of  Engineers,  under  a  Federal  Court  directive,  has  recently 
promulgated  regulations  which  will  require  a  permit  to  construct  even  the 
minimal  first  stage  works  before  making  diversion  from  the  White  River.  The 
intent  of  these  new  rules  is  to  provide  a  check  on  activities  which  could 
cause  pollution  of  navigable  streams,  now  yery   broadly  defined  to  encompass 
tributaries  of  navigable  rivers.  It  is  not  anticipated  that  a  permit  will  be 
denied  or  that  constraints  on  water  use  will  be  imposed  on  the  proposed  White 
River  diversion  works  since  the  proposed  works  are  not  of  a  nature  to  cause 
pollution  or  influence  water  quality.  Nevertheless,  initial  steps  have  been 
taken  toward  acquisition  of  the  required  permit  in  recognition  that  all  legal 
and  administrative  requirements  and  potential  constraints  must  be  addressed 
prior  to  investing  large  sums  for  the  purchase  of  water  rights.  The  gaging 
stations  proposed  for  administration  of  the  changed  water  rights  will  also  be 
under  the  expanded  jurisdiction  of  the  Corps'  permit  system. 

While  RBOSP  expects  that  ground  water  will  be  sufficient  for  Phase  I  and  II 
development,  it  is  deemed  prudent  to  establish  legal  rights  to  surface  water 
as  soon  as  possible  to  serve  as  a  backup  supply  and  to  supply  supplemental 
water  when  required.  The  closing  date  for  exercising  the  R0MP0C0  option  is 
January  5,  1977.  Following  acquisition  of  the  Corps'  permit  cited  above, 
RBOSP  will  be  in  a  position  to  exercise  either  their  direct  flow  right  or  the 
R0MP0C0  diversion  as  early  as  1978,  since  all  legal  and  administrative  require- 
ments will  have  been  met;  however,  construction  of  Yellow  Creek  reservoir 
probably  would  not  be  implemented  until  much  later. 
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5.4  WATER  DISTRIBUTION  AT  TRACT  C-a 

The  water  distribution  system  is  depicted  in  Figure  8-5-1  and  will  be  continually 
modified  and  expanded  as  operations  progress.  Basically,  ground  water  from 
the  mine  dewatering  system  (and  supplementary  water  wells  when  needed)  will  be 
conveyed  to  a  central  collection  point  east  of  the  open  pit  mine,  then  pumped 
throughout  the  project  area  to  points  of  use.  Two  treatment  plants  and  storage 
tanks  for  providing  potable  water  needs  are  contemplated:  one  will  be  located 
near  the  processing  facility  and  will  serve  that  facility  and  the  administra- 
tion building;  the  other  will  be  located  east  of  the  mine  to  serve  the  mine 
changehouse,  truck  shop  and  equipment-wash  facility. 

A  storage  pond  will  be  located  near  the  processing  facility;  water  from  this 
pond  will  either  be  fed  to  the  potable  treatment  plant  or  conveyed  directly  to 
points  of  use  throughout  the  processing  facility. 

Irrigation  and  dust-control  water  will  also  be  supplied  from  the  central  col- 
lection point  and  will  be  stored  in  two  tanks:  the  one  located  near  the  mine 
will  be  used  for  dust  control  only;  the  other  will  be  located  near  the  pro- 
cessed shale  and  overburden  disposal  area  and  will  serve  both  irrigation  and 
dust-control  requirements. 

Two  sewage  treatment  plants  with  nearby  effluent  lagoons  will  be  provided:  one 
will  be  east  of  the  mine  buildings  and  the  other  at  the  northeast  edge  of  the 
processing  facility. 

Surface  runoff  will  be  controlled  throughout  the  project  area.  Diversions 
around  the  mine,  processing  facility,  and  disposal  pile  will  be  provided.  That 
surface  water  originating  outside  the  project  area  will  be  diverted  completely 
around  RBOSP  facilities  and  returned  to  an  existing  watercourse  downstream. 
Surface  runoff  originating  within  the  RBOSP  area  will  be  controlled  and  will 
not  be  released  to  downstream  watercourses  unless  its  quality  is  shown  to  be 
adequate. 
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A  water  control  reservoir  on  Corral  Gulch  about  four  miles  east  of  the  eastern 
tract  boundary  will  probably  be  required  several  years  after  Phase  II  begins. 
Its  primary  purpose  would  be  for  regulation  and  nominal  storage  of  ground 
water  from  mine  dewatering  but  it  could  also  serve  to  store  excess  water  when 
the  processing  facility  is,  for  one  reason  or  another,  not  operating.  Such 
storage  is  necessary  because  mine  dewatering  will  continue  whether  the  processing 
facility  is  operating  or  not. 

During  Phase  I  and  the  early  years  of  Phase  II,  a  smaller  water  reservoir  for 
this  purpose  will  be  located  at  the  northeast  edge  of  the  processing  facility. 
During  periods  when  the  processing  facility  is  either  shut  down  or  operating 
at  reduced  capacity,  ground  water  can  be  pumped  directly  to  this  reservoir 
rather  than  the  storage  pond  for  processing  water. 

Ultimate  design  of  the  water  distribution  system  on  Tract  C-a  will  reflect  a 
continuing  philosophy  of  zero  discharge.  Water  quality  control  is  discussed 
in  more  detail  in  Section  9,  Chapter  6. 
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CHAPTER  6 
COMMUNICATIONS 


6.1  TELEPHONE 

Mountain  Bell  Telephone  Company  will  provide  telephone  service  to  Tract  C-a, 
from  Rangely.  The  line  serving  the  tract  will  be  a  buried  cable  installed 
adjacent  to,  and  wherever  possible,  within  the  road  right-of-way,  thus  pro- 
viding good  access  for  construction  and  maintenance.  Enough  circuits  will  be 
provided  to  accommodate  interproject,  local  and  long-distance  calls.  Other 
services  that  will  be  available  by  virtue  of  the  telephone  system  include 
telemetering,  telecopying  and  data  transfer. 

The  line  will  follow  the  Rangely  access  road,  but  will  not  be  installed  until 
the  road  is  completed.  Thus,  temporary  radio-telephone  facilities  will  be 
provided  to  handle  communications  during  the  early  phases  of  construction. 


6.2  RADIO 

A  two-way  FM  radio  system  with  base  stations,  mobile  units,  walkie-talkies  and 
repeater  stations  will  provide  internal  project  communications  where  telephone 
communication  is  not  possible.  This  system  will  be  used  to  direct  processed- 
shale  and  overburden  haul,  compaction  and  reclamation  operations;  dispatch 
maintenance  people;  coordinate  blasting  operations;  and  supervise  the  overall 
mining  operation. 

Base  stations  installed  in  appropriate  offices  will  provide  centralized  control 
for  the  entire  system,  as  well  as  coupling  for  the  radio  and  telephone  systems. 
Individual  mobile  units  will  be  installed  in  supervisory  and  other  vehicles, 
as  necessary,  to  provide  operations  control.  In  addition,  some  supervisory 
personnel  would  be  provided  with  walkie-talkies  for  use  in  directing  operations 
when  they  are  out  of  their  vehicles. 
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6.3  TELEVISION 


The  use  of  television  monitoring  of  operations  is  not  anticipated  for  Phase  I, 
but  Phase  II  requirements  have  not  yet  been  determined. 
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CHAPTER  7 

STORAGE  AND  DISTRIBUTION  OF 

FUEL  AND  OTHER  FLAMMABLE  PRODUCTS 


Diesel  fuel  and  other  flammable  products  (gasoline,  lubricating  oil,  hydraulic 
fluid  and  antifreeze)  will  be  required  to  operate  mobile  equipment  during 
construction  and  operation  of  the  project.  This  chapter  describes  the  plan  to 
supply  these  products  to  the  project  and  the  necessary  storage,  distribution 
and  waste  disposal  facilities.  Also  summarized  is  that  portion  of  the  fire 
prevention  and  control  plan  relating  to  fuel  and  other  flammable  products. 


7.1  SUPPLY,  STORAGE  AND  DISTRIBUTION 

The  estimated  amounts  of  fuel  and  other  flammable  products  needed  for  Phases  I 
and  II  are  summarized  in  Table  8-7-1. 

Table  8-7-1 

AVERAGE  ANNUAL  REQUIREMENTS  FOR  FUEL  AND  OTHER  FLAMMABLE  PRODUCTS 

(In  Gallons) 


Product 

Phase  I 

Phase  II 

Diesel  fuel 

3,500,000 

12,400,000 

Gasoline 

150,000 

500,000 

Motor  oil ,  grade  1 

40,000 

140,000 

Motor  oil ,  grade  2 

4,600 

12,000 

Hydraulic  fluid 

50,000 

168,000 

Antifreeze 

500 

2,000 

Diesel  fuel,  oil,  hydraulic  fluid  and  antifreeze  will  probably  be  supplied  by 
one  of  the  parent  companies  of  the  Rio  Blanco  Oil  Shale  Project.  These 
products  are  expected  to  be  shipped  by  rail  from  their  respective  points  of 
origin  to  a  siding  near  Rifle  where  they  will  be  unloaded,  then  hauled  by 
truck  to  Tract  C-a. 
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During  the  initial  construction  period,  diesel  fuel  and  gasoline  will  be 
stored  in  skid-mounted  tanks  at  the  site.  Motor  oils  and  other  flammable 
fluids  will  be  stored  in  durable  containers,  as  shipped  from  suppliers. 
Construction  of  permanent  fuel  storage  tanks  at  the  tract  is  scheduled  for 
1977. 

Tanks  for  storage  of  the  various  products  will  be  located  in  the  vicinity  of 
the  mine  and  the  processing  facility.  Tank  storage  capacities  are  shown  in 
Table  8-7-2.  The  diesel  storage  facilities  will  be  sized  to  provide  about  one 
month's  supply  of  diesel  fuel. 

Table  8-7-2 

TANK  STORAGE  CAPACITY 
(In  Gallons) 


Mine 

Processir 
No.   of 
Tanks 

ig  Facility 
Capacity 
(gallons) 

Total 

Product 

No.  of 
Tanks 

Capacity 
(gallons) 

Capacity 
(gallons) 

Diesel   fuel 

Gasoline 

Motor  oil ,  grade 

Motor  oil ,  grade 

Hydraulic  fluid 

Antifreeze 

2 
2 

1  1 

2  1 
1 
1 

147,000 

10,000 

1,500 

1,500 

3,000 

500 

10,000 
10,000 
500 
500 
500 
500 

304,000 
30,000 
2,000 
2,000 
3,500 
1,000 

All  tanks  will  be  buried,  with  the  exception  of  the  large  diesel  tanks.  The 
diesel  tanks  will  be  surrounded  by  impermeable  berms,  as  shown  on  Figure  8-7- 
1.  All  storage  and  handling  of  fuel  and  other  flammable  products  will  comply 
with  the  lease  stipulations,  industry  standards  and  all  applicable  government 
regulations.  All  underground  tanks  will  be  coated  inside  and  outside  and 
cathodically  protected  to  prevent  corrosion  and  leakage. 

Service  station  facilities  will  be  provided  at  both  the  mine  and  the  processing 
facility.  These  facilities  will  be  designed  and  constructed  in  accordance  with 
applicable  National  Fire  Protection  Association  standards. 
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Regulations  governing  design  of  the  facilities  include  the  following: 

•  Oil  shale  lease 

•  Design  Standards  of  the  American  Petroleum  Institute,  Division  of 
Refining. 

•  Fire  Protection  Handbook,  National  Fire  Protection  Association, 
Thirteenth  Edition. 

•  National  Fire  Codes,  National  Fire  Protection  Association,  1975 
Edition. 

•  Colorado  Mining  Laws,  Bulletin  20,  Colorado  Bureau  of  Mines. 

•  Title  30,  Part  55,  Health  and  Safety  Standards  for  Metal  and 
Non-metallic  Open  Mines,  Bureau  of  Mines,  U.S.  Department  of  the 
Interior. 

•  Title  30,  Part  56,  Health  and  Safety  Standards,  Sand,  Gravel  and 
Crushed  Stone  Operations,  Bureau  of  Mines,  U.S.  Department  of  the 
Interior. 

•  Title  29,  Part  1926,  Sub-part  F,  Construction  Safety  and  Health 
Regulations,  Occupational  Safety  and  Health  Administration,  U.S. 
Department  of  Labor. 

•  Safety  and  Health  Rules  and  Regulations,  Colorado  Occupational 
Safety  and  Health  Administration. 

•  43  CFR,  Part  23 

•  30  CFR,  Part  231 


7.2  FIRE  PREVENTION  AND  CONTROL 

The  fire  prevention  and  control  plan  for  the  project  is  discussed  in  detail  in 
Section  9,  Chapter  3.  The  following  is  a  summary  of  that  part  dealing  with 
fuel  and  other  flammable  products. 

The  fuel  storage  facilities  will  be  designed  to  minimize  the  possibility  of 
fire  and  spillage.  Layout  and  construction  of  the  storage  tanks  will  comply 
with  lease  stipulations,  as  well  as  recommendations  and  standards  set  by  the 
National  Fire  Protection  Association  and  the  American  Petroleum  Institute. 
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Fuel  tanks  will  be  segregated  from  the  mining  and  processing  areas.  Spacing 
between  tanks  will  provide  adequate  clearance  for  fire-fighting  equipment  and 
personnel,  should  a  fire  occur.  The  spacing  will  also  allow  enough  room 
between  tanks  to  direct  cooling-water  streams  at  adjacent  tanks  to  prevent 
overheating  and  structural  damage.  All  tanks  will  be  surrounded  by  dikes, 
which  will  form  spill-containment  basins  and  reduce  the  possible  spread  of 
fire.  The  interior  surface  of  diked  areas  will  be  impermeable  and  sloped  for 
drainage  of  spills  away  from  tanks  into  a  gathering  basin.  Dike  heights  will 
be  as  low  as  practicable  to  contain  the  required  volume,  but  will  not  exceed 
six  feet. 


7.3  DISPOSAL  OF  WASTES 

Estimated  annual  quantities  of  waste  oil  in  Phases  I  and  II  are  36,000  and 
120,000  gallons,  respectively.  Waste  motor  oil  will  be  collected  and  mixed 
with  diesel  fuel . 

Used  antifreeze  will  be  discharged  into  the  sanitary  sewer  system  and  decomposed 
in  the  sewage-treatment  plant.  Sludge  accumulating  in  diesel  tanks  and  waste 
hydraulic  fluid  will  be  burned  in  the  thermal  oxidizer  in  the  processing 
facility. 

Solid  waste  disposal  is  described  in  Section  9,  Chapter  9.  Sewage  disposal  is 
described  in  Section  8,  Chapter  5  and  in  Section  9,  Chapter  6. 
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CHAPTER  8 
BUILDINGS 


The  major  buildings  essential  for  RBOSP  operations  are 


Administration  building 

Mine  and  processing  changehouses 

Truck  shop 

Maintenance,  repair  and  warehouse  facility 

Emergency  building 

Equipment-wash  building 

Tire  storage  building 

These  buildings  will  be  provided  with  heat,  lights,  communications,  potable 
water,  sanitary  facilities  and  fire  protection,  as  necessary,  and  all  of  them 
except  the  administration  building  will  be  of  pre-engineered,  metal-type 
construction.  Although  these  buildings  will  play  an  important  part  in  project 
operation  exact  specifications  are  not  possible  at  this  time. 

In  addition  to  those  mentioned  above,  the  following  permanent  buildings  will 
also  be  required: 

Lube  station 
Entry  guardhouse 
Water-treatment  facilities 
Sewage-treatment  facilities 
Substation  enclosure 
Substation  enclosure 
Pump  stations 
Well  enclosures 

Some  temporary  buildings  will  be  required  in  the  early  stages  of  construction, 
but  these  will  be  removed  as  soon  as  permanent  facilities  are  available. 
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8.1  ADMINISTRATION  BUILDING 

The  administration  building,  the  center  of  operations  for  the  project,  will  be 
located  between  the  mine  and  the  processing  facility.  Access  will  be  from  Rio 
Blanco  County  Road  24,  and  employee  and  visitor  parking  will  be  easily  accessible 
to  the  building.  All  visitors  will  report  to  the  administration  building  for 
conferences,  information  or  permission  to  enter  other  parts  of  the  project 
site. 

This  two-level  building  will  contain  all  administrative  and  engineering  activi- 
ties, including  accounting,  personnel,  security  and  laboratory  testing  opera- 
tions. Administrative  and  engineering  offices  will  occupy  the  perimeter  areas 
of  the  main  level.  Laboratory  space  and  related  offices  will  be  located  at  the 
basement  level . 


8.2  CHANGEHOUSES 

The  mine  changehouse  will  be  easily  accessible  from  the  mine  access  road.  It 
will  include  supervisors'  offices,  a  training  room  and  a  staging  area.  Future 
expansion  of  the  mine  will  require  relocation  of  this  facility. 

The  processing  facility  changehouse  will  be  similar  to  the  mine  changehouse  in 
size  and  layout,  and  will  be  typical  of  changehouses  in  modern  refineries. 


8.3  TRUCK  SHOP 

The  truck  shop  will  be  located  in  Dry  Fork  near  its  confluence  with  Corral 
Gulch.  Access  will  be  from  the  overburden  and  mine  access  roads.  The  site  was 
chosen  to  permit  the  mine  to  be  expanded  to  the  Phase  II  production  level 
without  requiring  relocation  of  the  building. 

Services  and  features  to  be  provided  in  the  truck  shop  include: 
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Repair  facilities  for  end-dump  trucks,  crawler  tractors,  other  large 

equipment  and  light  vehicles 

25-ton  overhead  bridge  crane  with  10-ton  auxiliary  crane 

Tool  crib 

Battery  storage 

Boiler  room 

Warehouse  space 

Office  space 


8.4  MAINTENANCE,  REPAIR  AND  WAREHOUSE  FACILITY 

A  maintenance,  repair  and  warehouse,  buildings  will  also  be  provided  near  the 
processing  facility.  Access  from  County  Road  24  will  be  via  the  processing- 
facility  access  road,  with  employee  parking  provided  nearby.  Services  and 
features  to  be  provided  in  this  facility  include: 

•    Repair  shops  for  bottom-dump  trucks,  light  vehicles  and  crawler 
tractors 
Warehouse  space 

Crushing  and  materials-handling  maintenance  shop 
Machine,  electrical,  welding,  pipe,  carpenter  and  paint  shops 
Boiler  room 
Office  space 
Battery  storage 
20-ton  overhead  bridge  crane 
25-ton  overhead  bridge  crane  with  10-ton  auxiliary  crane 


8.5  EMERGENCY  BUILDING 

The  emergency  building  will  be  easily  accessible  from  both  the  processing 
facility  and  the  mine  and  will  include  a  fire-control  area,  a  first  aid  facility 
and  a  safety  office.  The  fire-control  area  will  include  storage  for  fire- 
fighting  equipment,  emergency-vehicle  apparatus  and  other  emergency  equipment. 
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8.6  EQUIPMENT-WASH  FACILITIES 

The  equipment-wash  facilities  will  be  located  near  the  truck  shop  and  will 
include  the  following  features: 

•  Drive-through  capability 

•  Steam  generation 

•  Drain  gutter 

•  Mud-collection  basin 


8.7  TIRE  STORAGE 

A  tire-storage  facility  will  be  located  in  the  vicinity  of  the  truck  shop.   It 
will  be  unheated  and  open  on  two  sides  for  accessibility.  A  divider  wall, 
against  which  tires  will  be  stored,  will  run  the  full  length  of  the  building. 
Tires  will  be  handled  by  a  forklift. 
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